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STUDIES ON SOME TRICHOMONAD FLAGELLATES FROM BIRDS 
WITH DESCRIPTIONS OF FIVE NEW SPECIES AND TWO NEW 
V .ARIETIES1 
BERNARD V. TRAVIS 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station 
Accepted for publication April 17, 1935 
Many species of the genus Trichomonas have been described, but 
comparatively few have been recorded from avian hosts. During the past 
three years the author has had opportunity to examine many birds for 
intestinal flagellates. In the present paper appear descriptions of five new 
species and two new varieties, and new host records for three other 
species. 
The parasites were studied both while living and in preparations that 
were fixed in Schaudinn's fluid and stained with Heidenhain's iron-hema-
toxylin. Measurements were made entirely from stained specimens; the 
width was taken at the widest point, the length along the axis extending 
from the anterior tip of the body to the distal tip of the axostyle. 
Trichomonas (Trichomonas) fulicae n. sp. 
(Plate I, figs. 8, 9) 
This flagellate was present in the caeca of one of the three American 
Coots Fulica americana americana (Gmelin) (type host) examined by 
the writer. Pyriform shapes predominated in living material, but many 
heavily vacuolated individuals were decidedly spherical. Stained speci-
mens are pyriform and slightly curved. The mean dimensions for 100 in-
dividuals are 4.7 x 8.1µ.; range in width, 4-6µ.; range in length, 6-10µ.. These 
measurements are given in greater detail in table 1. 
A broad crescentic cytostome is observed in many specimens. Four 
free flagella, 6-8µ. long, are directed anteriorly. A fifth flagellum follows 
along the margin of the undulating membrane and extends free 4-5µ. from 
the posterior end of the animal. The undulating membrane is narrow and 
not easily seen on stained material. 
The blepharoplast appears to be composed of a single, large, round 
granule situated at the extreme anterior end of the body. The costa or 
chromatic basal rod is long, rather slender, and strongly siderophilous. 
The axostyle is inconspicuous and hyaline. It projects 4-5µ. from the pos-
terior end of the body and tapers somewhat abruptly to a point. Often 
there is a long filamentous tip such as Kirby (1931) has described as be-
ing typical in the genus Trichomonas. 
This species has a fibril much smaller in diameter than the costa, 
which differs in that it does not follow the base of the undulating mem-
1 Journal paper No. J257 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 329. 
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brane. It arises from the blepharoplast, curves towards the periphery of 
the body, passes to the right of the nucleus, and frequently reaches the 
posterior end of the animal's body. In some cases the distal end appears 
to be attached to the costa. 
Wenrich (1921), in T. muris, described a peculiar structure near the 
nucleus which he considered to be the parabasal body. Kirby (1931) de-
scribed a filament which is similar to the one seen in T. fulicae n. sp. He 
considered the filament to be different from the parabasal thread or fibril 
and called it the innominate filament. Wenrich and Emmerson (1933) 
both figured and described the parabasal apparatus of T. vaginalis Donne 
as having a large parabasal body (chromophobic) with a long parabasal 
fibril (chromophilic). Crouch (1933), figured such a fibril in T. wenrichi 
from the woodchuck, and called it a chromatic rod. The parabasal body 
is not preserved in the coot material. This fibril is much like the chromo-
philic portion of the parabasal apparatus, the parabasal fibril, described by 
Wenrich, but it is considered in the Trichomonas of the coot to be an in-
nominate filament. 
The nucleus is prominent and broadly ellipsoidal with an average 
size of l.Ox2.2tt. A rather large and slightly eccentric karyosome is pres-
ent. A row of small granules is arranged around the inside of the nuclear 
wall. 
TABLE 1. Correlation table of the length and width of Trichomonas fulicae n. sp. 
from the American Coot 
Width in 
microns 
3.5 
4 
4.5 
5 
5.5 
Total 
6 
1 
1 
2 
Mean 
Range 
6.5 
1 
1 
2 
7 
4 
3 
3 
3 
1 
14 
Length in microns 
7.5 
2 
3 
3 
6 
5 
19 
Length 
8.1/.4 
6-10µ 
8 8.5 
2 1 
6 2 
2 1 
15 4 
3 1 
28 9 
9 
2 
1 
5 
5 
13 
9.5 
5 
1 
4 
1 
11 
Width 
4.7/.4 
3.5-5.5µ 
Trichomonas (Trichomonas) coccyzi n. sp. 
(Plate I, figs. 10, 11) 
10 Total 
11 
22 
11 
1 39 
1 17 
2 100 
A light infection of this flagellate was observed in the large intestine 
of a Yellow-billed Cuckoo, Coccyzus americanus americanus Linnaeus 
(type host), collected at Ruthven, Iowa. The body form was decidedly 
crescentic from a side view, and slender spindle-shaped from either a 
dorsal or ventral view. The mean dimensions for 100 specimens were 
4.15x10.78µ; range in width, 3-6µ; range in length, 7.5-13µ. These data 
may be seen in more detail in correlation table 2. 
The cytostome is narrow and elongate. Four free flagella extend for-
ward 8-10µ, two of which are somewhat longer than the other two. A fifth 
flagellum extends along the outer edge of a rather high undulating mem-
brane, and projects free 4-5µ at the posterior end. 
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The blepharoplast appears to be composed of a single large round 
granule. A slender, strongly staining costa reaches to the distal end of 
the axostyle. A long innominate filament, much like that in T. fulicae, 
extends the full length of the body, and at times appears to be attached 
to the distal tip of the costa. The axostyle is hyaline and inconspicuous. 
It ends in a point at the posterior end of the animal and seldom projects. 
The upper portion of the cytostome is bordered by the ventral portion of 
the axostyle. A darkly staining, plate-like structure apparently lines the 
dorsal surface of the cytostome. 
The nucleus is ellipsoidal, measuring 1.5 x 2.0p., and is located near 
the blepharoplast. A karyosome has a central position and is surrounded 
by a narrow, clear halo. A mass of small chromatic granules lies between 
the halo and the nuclear wall. 
TABLE 2. Correlation table of the length and width of Trichomcmas coccyzi n. sp. 
from the Yellow-billed Cuckoo 
Width in 
microns 
3 
3.5 
4 
4.5 
5 
5.5 
6 
Total 
Length in microns 
7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 
1 
1 
2 
Mean 
Range 
2 1 
2 1 
2 3 
1 3 
1 2 
1 
5 8 
Length 
10.61' 
7.5-13µ 
6 2 1 
14 5 4 
5 2 4 
1 1 2 
1 2 2 
1 
28 12 13 
2 
2 
3 
5 
12 
2 
7 
9 
Width 
4.0µ 
3-6µ 
Trichomonas (Tritrichomonas) beckeri n. sp. 
(Plate I, figs. 5, 6, 7) 
2 
1 
1 
4 
13 Total 
3 
1 20 
42 
3 23 
5 
6 
1 
4 100 
Great numbers of this flagellate were present in the large intestine of 
a Yellow-billed Cuckoo, Coccyzus americanus americanus Linnaeus (type 
host), collected at Ruthven, Iowa. The body shape is typically slender, 
pyriform and slightly curved, although many rather spherical specimens 
are always present. The mean dimensions for 100 specimens are 5.9p. in 
length, 3.4p. in width; range in length, 4-8p.; range in width, 2.5-4.5/L. 
These measurements may be seen in correlation table 3. 
A small crescentic cytostome is present, located in the typical posi-
tion. The three free flagella, 12-20p. long, are often directed posteriorly 
and in many cases lie so close to the body that counting is made difficult. 
The fourth flagellum extends along the margin of an undulating mem-
brane, which is so narrow that it is almost never seen in stained material, 
and projects free 5-7p. from the posterior end. 
The blepharoplast seems to be composed of a single large granule. 
The costa is slender and quite indistinguishable, usually reaching to near 
the point where the axostyle projects from the body. Frequently it is seen 
as a row of granules rather than as a rod. 
118 BERNARD V. TRAVIS 
The axostyle is hyaline and easily seen. It projects 1.5-2.5,u from the 
posterior end of the animal. Two periaxilar rings are present. 
The nucleus is round, 1-1.5µ in diameter. Occasionally a small central 
karyosome is observed, but usually the chromatin is seen as a mass of 
small granules. A group of small siderophilous granules frequently ob-
scures the nucleus. These granules are on the dorsal side of the body. 
When the animal is viewed from the dorsal or ventral surfaces these gran-
ules and the nucleus make the organism appear confusingly like a Hexa-
mita. 
This species is named for Dr. E. R. Becker in appreciation of the 
kindly aid and encouragement given to the writer during his studies of 
these and other protozoa. 
TABLE 3. Correlation table of the length and width of 100 specimens of Trichomonas 
beckeTi n. sp. from the Yellow-billed Cuckoo 
Width in 
microns 
2.5 
3 
3.5 
4 
4.5 
Total 
4 
1 
1 
2 
Mean 
Range 
4.5 
3 
2 
5 
5 
5 
9 
4 
18 
Length in microns 
5.5 
5 
13 
8 
26 
Length 
5.9µ 
4-8µ 
6 
3 
4 
9 
2 
1 
19 
6.5 7 
1 
5 2 
4 6 
2 1 
11 10 
7.5 
2 
1 
2 
5 
Width 
3.4µ 
2.5-4.5µ 
Trichomonas (Tritrichomonas) porzanae n. sp. 
(Plate I, figs. 1, 2) 
8 Total 
4 
2 29 
2 47 
19 
1 
4 100 
This peculiar flagellate was present in the caeca of a Sora Rail Por-
zana carolina (Linnaeus) (type host), collected at Ruthven, Iowa. The 
body is broadly spindle-shaped with homogeneously staining cytoplasm. 
The anterior end is frequently broad and blunt. The mean dimensions 
for 100 individuals is 4.4 x 7.9µ; range in width, 3.5-6,u; range in length, 
5.5-11.5µ. These data may be seen in more detail in table 4. 
The broad crescentic cytostome is often margined on one side by the 
undulating membrane. Usually the membrane is very high in the first 
loop, and in this case it seems to form one side of the cytostome. The 
membrane is very narrow with the exception of the first loop. A flagel-
lum margins the undulating membrane and extends free, 3-5µ at the 
posterior end of the animal. The three anterior flagella are 8-12µ long, 
and slender. 
The blepharoplast is a single large granule situated at the extreme 
anterior end of the animal. The costa is slender and indistinct, more 
often composed of a line of granules that follow the contour of the undu-
lating membrane. The axostyle is a slender hyaline rod with feebly stain-
ing walls and seldom can be traced into the cytoplasm. It tapers gradu-
ally to a point and projects 2-5µ from the body. 
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The nucleus is large, 2-3µ. in diameter, conspicuous, and round to 
broadly ellipsoidal in shape. The chromatin material is concentrated into 
several large granules. 
TABLE 4. Correlation table of the length and width of 100 specimens of Trichomonas 
porzanae n. sp. from the Sora Rail 
Width in 
microns 
3.5 
4 
4.5 
5 
5.5 
6 
Total 
Length in microns 
5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 
1 
1 
2 
3 
2 
1 
6 
Mean 
Range 
2 
1 
1 
4 
1 
12 
9 
4 
2 
28 
3 6 
9 2 
6 3 
1 
1 
19 12 
Length 
7.9µ. 
5.5-11.5µ. 
1 
1 2 
1 2 
3 
1 2 1 
1 1 1 
2 9 6 
1 
1 
2 
1 
1 
6 
1 
1 
Width 
4.4/J. 
3.5-6µ. 
Trichomonas (Trichomonas) hegneri n. sp. 
(Plate I, figs. 3, 4) 
11 11.5 Total 
14 
2 33 
26 
11 
1 1 11 
1 5 
4 1 100 
The caecal contents of two European Partridges Perdix perdix perdix 
(Linnaeus) (type host), collected at Ruthven, Iowa, had a light infection 
of this flagellate. The species was also present in caecal smears from a 
California Quail Lophortyx californica californica Shaw, collected at 
Bliss, Idaho, and in smears from the Valley Quail kindly loaned to the 
author by Dr. Robert W. Hegner. It is a small species, curved-pyriform 
to quite spherical, and somewhat easily confused with Trichomonas 
ortyxis Hegner. The shorter flagella, conspicuous costa, well developed 
undulating membrane and curved axostyle without periaxilar rings dis-
tinguish this species from T. ortyxis. The mean dimensions for 100 indi-
viduals was 3.9 x 5.5µ. range in width, 3-4.5µ.; range in length, 4-8µ.. These 
data may be seen in table 5. 
The relatively large cytostome has a darkly staining plate-like struc-
ture on the dorsal surface. The four anterior free flagella are 5-7 µ. long. 
The undulating membrane is narrow and extends almost to where the 
axostyle leaves the body. 
The blepharoplast is small and apparently composed of a single gran-
ule. The costa is moderately heavy and long, often extending across the 
axostyle. 
The axostyle is narrow, hyaline, and quite inconspicuous. It curves 
at the anterior end so the ventral side appears to partially form the dorsal 
portion of the cytostome. It projects free 0.5-1µ. and tapers abruptly to a 
point. No periaxilar rings could be observed. 
The nucleus is 2-2.5µ. in diameter, round to broadly ellipsoidal in 
shape and rather indistinct. The chromatin material is arranged in a 
central karyosome, with a ring of smaller granules near the nuclear mem-
brane. There seems to be no definite halo around the karyosome. 
This species is named in honor of Dr. Robert W. Hegner. 
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TABLE 5. Correlation table of the length and width of 100 specimens of Trichomonas 
hegneri n. sp. from the European Partridge 
Width in Length in Microns 
microns 4 4.5 5 5.5 6 6.5 7 7.5 Total 
3 
3.5 
4 
4.5 
Total 
2 
2 
1 
5 
Mean 
Range 
2 
9 7 
7 7 
18 14 
1 
7 
13 
3 
24 
Length 
5.5µ 
4-8µ 
2 
11 
7 
20 
3 
2 
4 
9 
3 
4 
2 
9 
Width 
3.9µ 
3.45µ 
1 
1 
Trichomonas (Trichomonas) floridanae Hegner colini n. var. 
(Plate II, figs. 12, 13) 
5 
33 
45 
17 
100 
Examinations of four Bob-white Quail Colinus virginianus virginianus 
(Linnaeus) (type host), two from Ames, one from Leon, and one from 
Ruthven, Iowa, showed this trichomonad to be a common inhabitant of 
the caeca. The body is elongate, in general pyriform, and bent with a 
vague S-shaped curvature. This flagellate is very similar to T. floridanae 
Hegner but more slender, shorter, and with a body curvature not char-
acteristic of the forms in the Valley Quail. The mean dimensions for 100 
specimens were 3.7x10.4µ.; range in length, 8-13µ.; range in width, 2.5-5µ.. 
(Table 6.) 
The cytostome is narrow and crescentic. There are four anterior 
flagella, of which three are slender and 7-10µ. long, whereas the fourth is 
of much greater diameter, 20-23µ. long, and is thrown in loops for its entire 
length. A fifth flagellum margins the undulating membrane, but does not 
have a free distal end. 
The blepharoplast seems to be composed of one large granule. The 
costa is narrow and usually does not stain heavily as does this structure 
in T. floridanae. The costa is long, and frequently twists around the body 
to the right as does the undulating membrane. 
The axostyle is large, hyaline and conspicuous. It passes to the right 
of the nucleus, projects 1.5-3µ. at the posterior end, tapers to an abrupt 
point, and may display a filamentous tip. A broad capitulum is present at 
the proximal end, within which is a series of endoaxilar granules. Two 
to three prominent periaxilar rings surround the axostyle immediately 
before it emerges from the body. 
The nucleus is broadly ellipsoidal to round, filled with small chro-
matin granules. Occasionally a small karyosome is present. 
E. A. Allen (1930, 1931) mentioned a flagellate that she found in 
Bob-white Quail. She has not given it a name. In 1931 she suggested it 
was like T. gallinarum, but that it required a different pH for develop-
ment in a culture media. It is not possible to determine from her notes 
whether or not the species described above is the one she has seen, or 
whether it is T. gallinarum, T. phasiani, or a still different species. 
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TABLE 6. Correlation table of the length and width of Trichomonas floridanae Heg-
ner colini n. var. from the Bob-white Quail 
Width in 
microns 
2.5 
3 
3.5 
4 
4.5 
5 
Total 
8 
1 
1 
8.5 
1 
1 
Mean 
Range 
9 9.5 
1 
2 1 
1 9 
3 3 
7 13 
Length in microns 
10 10.5 
1 
3 
12 
12 
1 
1 
30 
Length 
10.41.< 
8-13µ. 
3 
4 
1 
8 
11 11.5 
3 
8 7 
7 3 
3 1 
1 
22 11 
12 12.5 
1 
2 1 
2 
5 1 
Width 
3.7µ. 
2.5-5µ. 
13 
1 
1 
Total 
2 
9 
42 
37 
8 
2 
100 
Trichomonas (Trichomonas) floridanae Hegner perdicis n. var. 
(Plate II, figs. 17, 18) 
This flagellate was found in the caeca of two European Partridges 
Perdix perdix perdix (Linnaeus) (type host), collected at Ruthven, Iowa. 
The morphology of this species varied considerably in the two birds, one 
of which was collected in the winter and one in the mid-summer. Flagel-
lates in the former host were broadly pyriform from a lateral view with 
the cytoplasm extending down well towards the end of the axostyle, which 
was uniformly arched from distal to proximal end. The endoaxilar gran-
ules stained very feebly in the Trichomonas from this bird. The flagellates 
from the bird killed in the summer differed in that the cytoplasm did not 
extend well towards the end of the axostyle, and this structure was much 
twisted. Occasional specimens of this type were seen in the other bird. 
The endoaxilar granules in this instance stained intensely. Measurements 
differed only slightly in the two birds, 4.6 x 10.3µ. in the bird collected in 
the summer and 5.1 x 11.4µ. in the bird collected in the winter. Table 7 
gives more detailed measurements for the Trichomonas from the sum-
mer bird. 
The cytostome is a broad crescentic area, the border of which is de-
cidedly siderophilous. The cytostome of T. floridanae is larger and with-
out the strongly chromophilic border. Four anterior flagella arise near 
the anterior margin of the cytostome, of which three are very slender, 
18-20µ. long, and one heavy, 22-27µ. long, and is like a trailing flagellum 
except that it is thrown into a series of active loops. A fifth flagellum 
extends along the margin of the high undulating membrane, but does not 
have a free end. 
The blepharoplast seems to be a complex of several granules. The 
costa is usually apparent as a strongly staining rod, but is also seen as a 
linear series of small granules. 
The axostyle is wide and hyaline. It extends free from the body 3-4µ. 
at the distal end, and ends in a sharp point. A filamentous tip 0.5-2µ. long 
is usually evident. Two to four periaxilar rings surround the axostyle 
near the free end. The proximal end is expanded to a broad capitulum 
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within which are a series of granules. In undistorted specimens these 
granules often seem to enter the cytostome, but this appearance is ap-
parently due both to the curvature of the axostyle and to the fact that 
the granules tend to be located towards the ventral side of the capitulum. 
The nucleus is much more indistinct than this same structure in T. 
florida:nae. It has a thin nuclear membrane, with many small granules 
within. Sometimes a small karyosome is visible. The endoaxilar gran-
ules obscure the nucleus. 
TABLE 7. Correlation table of the length and width of Trichomonas floridanae Heg-
ner perdicis n. var. from the European Partridge 
Width in 
microns 
3.5 
4 
4.5 
5 
5.5 
6 
Total 
Length in microns 
7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 
1 
1 
1 
1 
1 
1 
2 
1 
7 
Mean 
Range 
1 
2 
1 
2 
6 
2 
5 
2 
3 
1 
13 
2 2 
3 3 
6 6 
1 3 
1 1 
1 1 
14 16 
Length 
10.3µ 
7.5-13.5µ 
1 
1 3 1 
3 2 2 
2 1 2 
1 1 
1 2 
7 9 7 
1 
4 
2 
7 
1 
2 
1 
4 
Width 
4.6µ 
3.5-6µ 
1 
2 
1 
1 
5 
Trichomonas (Trichomonas) floridanae Hegner (1929) 
(Plate Il, fig. 14) 
1 
2 
1 
4 
Total 
10 
23 
33 
14 
13 
7 
100 
Hegner (1929) described this species from the Valley Quail (type 
host). He described it as having three anterior flagella, and a group of 
about 20 spherical chromatin granules located along a median line just 
posterior to the blepharoplastic complex. Specimens on the author's slides 
from the California Quail, Lophortyx californica californica (Shaw), 
showed three slender anterior flagella and one heavy free flagellum di-
rected posteriorly. The three slender anterior flagella are easily seen on 
a type slide kindly loaned the author by Dr. Robert W. Hegner, but for 
some reason the heavy free flagellum stained feebly and is extremely diffi-
cult to demonstrate. The chromatic granules are endoaxilar granules and 
due to the bending of the proximal end of the axostyle often appear to 
end in the cytostome. The measurements of 100 specimens from the au-
thor's slides varied from 9-14µ. in length with a mean size of 5.4x10.5/L 
as compared with the mean size of Hegner's slide of 5.2 x 9.2/L for the 
same species. 
Trichomonas (Tritrichomonas) ortyxis Hegner (1929) 
(Plate II, figs. 15, 16) 
Hegner described this species from the Valley Quail (type host). It 
is one of the smallest species of Trichomonas described, having a mean 
size of 3.3 x 5.4/L in this host. This species was observed in the two Euro-
pean Partridges, Perdix perdix perdix Linneaus, studied by the author. 
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It is slightly smaller in this host. No characters other than size could be 
detected when compared with T. ortyxis on a slide loaned the author by 
Dr. Robert W. Hegner. The mean size for 100 specimens from the Euro-
pean partridge is 2.9 x 4.3µ.; range in width, 2.5µ.; range in length, 3.5µ.. 
The flagella are relatively long in this species, being 11-12µ. long. 
Trichomonas (Trichomonas) phasiani Travis (1932) 
The Bob-white Quail, Colinus virginianus virginianus (Linnaeus), 
were found to have a light infection of this flagellate. The morphology and 
size is very similar to the individuals found to be present in Ring-necked 
Pheasants (type host). The mean size for 100 specimens from the pheas-
ant was 3.0 x 8.5µ., whereas this same species in the Bob-white Quail had 
a mean size of 3.1x8.0µ. for 100 individuals. No differences other than the 
slight difference in size could be detected. 
Trichomonas sp. 
(Plate II, fig. 19) 
Three specimens of a giant flagellate were found on one slide of the 
smears from the California Quail. No comparable specimens could be 
found on the other slides from the same bird. Morphologically they were 
quite similar to the large Trichomonas found in the three quail species 
studied. There were three slender, short flagella, one long trailing flagel-
lum of large diameter, and one flagellum margining the undulating mem-
brane. The latter did not have a free end. The axostyle had a large capitu-
lum with endoaxilar granules that extended more than half way down 
the axostyle. The nucleus was large and ellipsoidal, and filled with gran-
ules about the same size as the endoaxilar granules. The costa protruded 
from the body at the posterior end in one specimen. 
These specimens are also much like the Trichomonas species found 
in Amphibia. Whether this is a normal parasite of the California Quail, 
an example of a monster such as Becker (1923) observed in the case of 
Herpetomonas muscae-domesticae, or whether they were typically para-
sites of another host, and the quail acquired them in his food is only a 
matter of conjecture. 
The sizes of the three specimens were 6.1 x 24.lµ., 8.1 x 22.2µ., and 
6.1x18.4µ.. 
DISCUSSION 
In T. coccyzi and T. hegneri the upper portion of the cytostome is 
bordered by the ventral portion of the axostyle. A darkly staining plate-
like structure apparently lines the dorsal surface of the cytostome. A 
similar structure was described by Crouch (1933) in T. wenrichi. He 
noted that it arose from the same blepharoplastic granule as did the axo-
style. Kirby (1931) described a structure that he thought might be a 
part of the cytoendoskeleton or related to the axostyle. He described it 
as a "small bar located on the border of the cytostomal portion of the 
body," with a filament extending from the bar to the nucleus. He called 
this structure a parablepharoplastic bar. Wenrich and Emmerson (1933) 
discussed briefly a similar structure in T. vaginalis and followed Kirby's 
nomenclature, but they considered the plate to be a part of the anterior 
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end of the axostyle. In the material studied by the author it was not 
possible to determine whether this was a portion of the axostyle, a thick-
ening of the periplast on the dorsal surface of the cytostome, or whether 
it was a separate plate between the periplast and the axostyle. Neither 
Crouch (1933) nor Wenrich and Emmerson (1933) observed a fibril 
connecting this bar to the nucleus as did Kirby (1931). The author could 
detect no such connecting fibril in the specimen studied by him. The 
plate appears to be merely a thickening of the axostyle in the cytostomal 
region in T. coccyxi and T. hegneri. 
The flagellates found in the California Quail, Bob-white Quail and 
the European Partridge show striking similarities. The large Trichomonas 
found in each of the three hosts has three slender anterior free flagella, 
one heavy, long, trailing flagellum and one flagellum that margins the 
undulating membrane that does not have a free end. 
The widely separated areas in which these birds are endemic, and 
the fact that biological experiments may prove these flagellates to be 
separate species, in spite of their mornhological similarity, have influenced 
the author to consider the large flagellate of the Bob-white Quail and the 
European Partridge as varieties of T. floridanae rather than separate 
species. In fact, further studies and experimentation may show that what 
the writer considers to be T. phasiani (type host Ring-necked Pheasant) 
in the Bob-white Quail, T. ortyxis (type host Valley Quail) in the Euro-
pean Partridge, and T. hegneri (type host Bob-white Quail) in the Cali-
fornia Quail are actually species distinct from those described from their 
type hosts. At present no morphological characters have been observed 
that would even indicate their being considered varieties of the above 
species. 
The writer is indebted to Dr. E. R. Becker for his many helpful sug-
gestions and criticisms; to Dr. Paul L. Errington for collecting the Yellow-
billed Cuckoo, one European Partridge, and one Bob-white Quail; to 
Logan J. Bennett for collecting the Sora Rail, and one European Part-
ridge; to F. N. Hamerstrom, Jr., for collecting two of the Bob-white Quails, 
and to Dr. Robert W. Hegner for the loan of a type slide from the Valley 
Quail. 
EXPLANATION OF PLATE I 
x3000 
Figs. 1, 2. Trichomonas (Tritrichomcma,s) porzanae n. sp. 
Figs. 3, 4. Trichomonas (Trichomonas) hegneri n. sp. 
Figs. 5, 6, 7. Trichomonas (Tritrichomonas) beckeri n. sp. 
Figs. 8, 9. Trichomonas (Trichomcrnas) fulicae n. sp. 
Figs. 10, 11. Trichomonas (Trichomonas) coccyzi, n. sp. 
STUDIES ON TRICHOMONAD FLAGELLATES FROM BIRDS 
PLATE I 
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EXPLANATION OF PLATE II 
x3000 
Figs. 12, 13. Trichomonas (Trichomonas) floridanae Hegner colini n. var. from Bob-
white Quail. 
Fig. 14. Trichomonas (Trichomonas) floridanae Hegner from California Quail. 
Figs. 15, 16. Trichomonas (Tritrichomonas) ortyxis Hegner from European Partridge. 
Figs. 17, 18. Trichomonas (Trichomonas) florinanae Hegner perdicis n. var. from 
European Partridge. 
Fig. 19. Trichomonas sp. from California Quail. 
STUDIES ON TRICHOMONAD FLAGELLATES FROM BIRDS 
PLATE II 
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Dilute acid has been shown to increase the dyeing properties of wool 
(42, 13, 34) and the degradation of wool by alkali (35, 4-6, 24, 22) but to 
have little immediate effect on its strength below 60°C. (44, 20) and no 
especially destructive action below 100°C. (36, 29 ,15). The rate of shrink-
age (39) of wool has been observed to increase with decrease of pH from 
four (pH = 3.4 to 6.1 has been reported as the isoelectric range of wool 
keratin 28, 10, 26, 40, 18, 41, 21, 37). Speakman has ascribed the ease of 
extension of wool fiber in acid to the freeing of long-chain molecules from 
one another within the micelle (38). Pretreatment with 4 N hydrochloric 
acid for a day has been found to have no permanent effect on the swelling 
properties of hair (25) . Rimington has reported that acid hydrolysis con-
verts the entire sulfur of wool into cystine (32) and Barritt that the 
maximum methionine sulfur of wool is but three per cent of the total (3). 
Incipient damage to wool by acid in deliming, sterilizing, carbonizing, 
fulling, dyeing, or stripping has been found to develop increased resist-
ance to heat (12) but decreased resistance to light (33) and storage 
(31, 19). 
Concentrated acid has long been used at low temperatures as a differ-
ential solvent in the recovery of wool from mixtures (7, 9) and it has 
been reported that wool, though losing an increasing amount of nitrogen 
in 17 .5 to 61 per cent sulfuric acid. loses no nitrogen in 70 per cent sulfuric 
acid ( 43). Concentrated hydrochloric acid has been described as split-
ting hair (25) and 10 N hydrochloric acid in five days at 20°C. as soften-
ing hair (30). 
We have measured the effect on wool of hydrochloric acid in ten 
hours at 25°C. and of hydrochloric acid and sodium chloride in one hour 
at 100°C. by the weight, nitrogen, sulfur, and wet breaking strength of 
the residual wool. 
EXPERIMENTAL PROCEDURE 
PREPARATION OF WOOL 
A wool keratin of 0.3 per cent ash, no sulfate (27), and 0.2 per cent 
sulfite-yielding sulfur (17) was prepared by boiling plain-woven undyed 
wool one hour in 100 volumes of water and extracting the dried fabric 
with anhydrous ether for eighteen hours. The wool was cut into samples 
for analysis and all but the breaking strength specimens were dried at 
105° to 110°C. until successive weighings with tare differed by no more 
than half a milligram. 
ACID DEGRADATION OF WOOL 
Six-gram samnles of wool were immersed in 125 cc. of water or hydro-
chloric acid, standardized by precipitation as silver chloride, in a stop-
pered flask at 25° + 0.1°C. for ten hours and then washed in water until 
[129] 
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the rinse gave no test for chloride. The water-treated wool weighed 99.8 
per cent of the untreated, contained 16.60 per cent of nitrogen and 3.93 
per cent of sulfur, and had a wet warp breaking strength of nineteen 
pounds per inch. 
Tests at 100°C. for one hour were made similarly with water, hydro-
chloric acid, or sodium chloride (11) in balloon flasks fitted with water-
cooled reflux condensers and heated in a boiling water bath. The 0. 7 per 
cent loss in weight of the wool upon boiling in water for one hour is less 
than reported losses of 1.5 (16) and 1.25 per cent (22) . Titration of blank 
determinations showed no concentration of the acid or salt during boiling. 
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Fig. 1. Effect of acid in ten hours at 25°C. on the weight, nitrogen, sulfur, and wet 
breaking strength of wool. 
TABLE 1. Effect of sodium chloride in one hou.T at 100°C. on the weight, nitTogen, 
su.lfu.T, and wet bTeaking stTength of wool 
Sodium chloride Residual wool 
Breaking 
strength 
Weight Nitrogen Sulfur of wet warp 
normality percentage of wool 
pounds 
per inch 
0 99.3 16.58 3.79 14 
0.0604 99.l 16.24 3.80 16 
0.7049 99.l 16.47 3.78 15 
ACID DEGRADATION OF WOOL KERATIN 131 
ANALYSIS OF WOOL 
The wet (23) warp breaking strength of ten gpecimens was deter-
mined with a Scott Universal Tester (1). Each value for loss in weight, 
Kjeldahl-Gunning nitrogen (14), or Benedict-Denis sulfur (8, 2) is the 
average of four determinations. 
The effect of hydrochloric acid in ten hours at 25°C. on the composi-
tion and mechanical performance of wool is shown in figure 1. Figure 2 
100 
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Fig. 2. Effect of acid in one hour at lOO"C. on the weight, nitrogen, sulfur, and 
wet breaking strength of wool 
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shows the effect of acid on wool in one hour at 100°C. The residual wool 
from acid degradation slowly decreased in nitrogen and increased in 
sulfur with increasing concentration of acid. Table 1 shows a slight solu-
tion of nitrogen by 0.06 N sodium chloride in one hour at 100°C. 
SUMMARY 
1. The degradation of wool keratin by 0.25 to 7.87 N hydrochloric acid in 
ten hours at 25°C. and by 0.25 to 0.75 N hydrochloric acid and 0.06 to 
0.70 N sodium chloride in one hour at 100°C. has been followed by the 
weight, nitrogen, sulfur, and wet breaking strength of the residual 
keratin. 
2. Acid degradation, much greater at 100°C. than at 25°C., has been 
shown to remove little of the sulfur of wool, to decrease its nitrogen 
rather similarly to its weight, and to have a sensitive indicator in wet 
breaking strength. 
3. The residual wool has been shown to decrease in nitrogen and in-
crease in sulfur slowly with increasing concentration of acid. 
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The negative or aromatic character of the furan nucleus has been de-
scribed as a function of the ease of splitting of mixed organolead com-
pounds2; ease of substitution in the furan nucleus8 ; tendency for meta-
thetical formation of organo-alkali compounds1 ; relative reactivity of 
halides4 ; and of the strength of the carboxylic acids as compared to the 
corresponding acids of the benzene series4 • In all of these cases the furan 
nucleus is characterized by a higher order of reactivity than the benzene 
nucleus. 
Since the Roman frequency is a characteristic which depends upon 
bond strength (as well as on the mass of the atoms) it was believed that 
a study of the Raman spectra of some furans might reveal special lines 
for the C - H and for the C = C linkage or a displacement of the usual 
frequencies of these linkages which could be correlated with the rather 
unusual chemical behavior of furan and its derivatives. 
We have observed that the line generally characteristic of C = C 
(1600 cm.-1 ) is absent in furan itself, although apparently a weak and 
very diffuse line is present at 1559, which may be due to a C = C linkage. 
However, furan has a line above 3000 (at about 3158) which has the con-
ventional value for the C = C - H linkage. If the 1559 line which was 
observed is due to a double bond in furan, there is no discontinuity in the 
nuclear frequencies in the furan series as has been reported by other 
workers 6 • 7 • All of the compounds that we have investigated show a fre-
quency of low intensity between 1559 and 1610. We believe that these fre-
quencies are due to the C = C linkages in the furan nucleus. 
It has long been known that the three aromatic cycles (furan, thio-
phene and pyrrole) have resemblances, which in some cases are quite 
striking in physical, chemical and physiological properties. Furthermore, 
these heterocycles have hi~hly developed aromatic characteristics. The 
Raman spectra of some of the furans have been studied by Glockler and 
Wiener5, Matsuno and Han6 , Bonino, Manzoni-Ansidei and Pratesi7, 
1 The preceding paper in this series is in the J. Am. Chem. Soc .. 56, 1123 (1934). 
A preliminary account of this paper was presented at the Twelfth Midwest ReJ!ional 
Meeting of the American Chemical Society at Kansas City, Missouri, in May, 1934. 
•Gilman and Towne, Rec. trav. chim., 51, 1054 (1932). 
•Gilman and Young, J. Am. Chem. Soc., 56, 464 (1934). 
'Catlin, Doctoral Thesis, Library, Iowa State College, 1934. 
'Glockler and Wiener, J. Chem. Phys., 2, 47 (1934). 
'Matsuno and Han, Bull. Chem. Soc. Japan, 9, 327 (1934). 
'Bonino, Manzoni-Ansidei and Pratesi, Z. physik. Chem., B25, 327 (1934); Bonino, 
Gazz. chim. ital., 65, 5 (1935) . 
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Kohlrausch, Pongratz and Seka8, Medard9a and Lu9b; that 0£ thiophene 
by Venkateswaren10 and Bonino and co-workers7 ; and that 0£ pyrrole and 
derivatives by Bonino and co-workers11• In each case the predominant 
form of the parent nucleus has been reported as one which appears not to 
have the 1600 line which is usually characteristic 0£ the C = C linkage, 
although in thiophene a 1408 line was considered as possibly being due to 
the olefinic linkage. On the basis 0£ the general similarities 0£ these 
heterocycles it might be expected that their Raman spectra would re-
veal some concordances. This is the case, as is illustrated in table 1. 
Bonino and co-workers have postulated an equilibrium of electronic 
formulas for these compounds 7• 11 and believe that the C = C linkage 
is absent in the parent heterocycle but that the derivatives exist in the 
ordinary double bonded form. Hausser12, however, has shown that in 
certain open chained conjugated systems the conjugated double bonds 
form a simple system which acts as a whole and that there is a material 
decrease in Raman frequency as the conjugation increases. Truchet and 
Chapron18 have studied cyclopentadiene and related compounds and have 
concluded that the nucleus HC-CH is characterized by a frequency of 
11 II 
HC CH 
'-.../ 
1500, the ethylene frequency here being reduced by the oscillations 0£ 
the conjugated double bonds. Thus cyclopentadiene itself has no line in 
the region of 1600 and its double bonds are decidedly ethylenic and not 
aromatic in character. 
Pauling and Sherman14• on the basis of thermochemical data, have 
suggested that furan, thiophene and pyrrole exist in several electronic 
structures. The differences between the observed energies of formation 
and those calculated for the various electronic structures have been inter-
preted as resonance energy 0£ the molecule between two or more struc-
tures. Also, on the basis of chemical behavior, dynamic equilibria have 
been suggested for furan and thiophene types15• 
A study 0£ the parachors of some furans reveals two pertinent points 
in connection with Raman spectra measurements. First, it appears un-
likely that there is contained in furan any large quantity 0£ forms having 
one or two seminolar bonds. A calculation of the parachor for furan, on 
the assumption that it has the diolefinic form, gives a value 0£ 160.1. If 
semipolar bonds are assumed, the calculation gives a value of 120.1 for 
the parachor 0£ furan. 
'Kohlrausch, Pongratz and Seka, Ber., 66, 11 (1933). 
' (a) Medard, Bull. soc. chim. [5]. 1. 934 (1934); (b) Lu, Sci. Rep. Nat. Tsing Hau 
Univ., 1, 25 (1931) [C. A. 26, 1515 (1932)]. 
2
• VPhkatP~warPn, Indian J. Phys., 5, 146 (1930); Venkateswaren and Bhagavan-
tarn, ibid., 7, 585 (1933). 
u Bonino, Manzoni-Ansidei and Pratesi, Z. physik. Chem., B22, 21 (1933) and B25, 
348 (1934). 
12 Hausser, Z. tech. Physik., 15, 10 (1934). 
11 Truchet and Chapron, Com pt. rend., 198, 1943 (1934). 
'"Pauling and Sherman, J. Chem. Phys., I, 606 (1933). See, also, Ingold, J. Chem. 
Soc., 1120 (1933). 
11 Gilman and Wright, Chem. Reviews, 11, 324 (1932). 
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A semipolar bond might be expected to depress the parachor, but the 
observed value of 160.4 is within the experimental error for the diolefinic 
form4 • Second, the parachors show no discontinuity or change in nuclear 
structure in going from furan to its various derivatives as suggested by 
some investigators on the basis of Raman spectra7• The parachor of furan 
as well as of its derivatives agree rather satisfactorily with the diolefinic 
form or possibly with a modification of it, such as the centric form. 
EXPERIMENTAL PART 
The several furans were prepared by standard procedures, and puri-
fication was effected by repeated fractional distillation from apparatus 
free of mineral acid. A trace (about 0.01%) of hydroquinone was helpful 
in most cases as a stabilizer. 
In these orienting experiments the spectra were obtained on East-
man I-J plates by means of a Hilger El quartz spectrograph. Densitometer 
tracings were made from the spectra and measurements of Raman num-
bers were made from the tracings. The dispersion gave about 85 wave 
numbers per mm. on the plate and the tracings were made on a ratio of 
10 to 1 to give about 8.5 wave numbers per mm. for the region 4300 to 
5000. Exposures of 48 hours were made in most cases with the slit of the 
spectograph open to about 0.04 mm. 
The excitation unit consisted of a sheet aluminum cylindroidal re-
flector of dimensions to fit a glass cell 30 cm. in length and 1 cm. in 
diameter placed on one focus line, and a straight tube mercury arc light 
30 cm. in length and 2 cm. in diameter along the other focus line. The cell 
containing the liquid was fitted with a tiat window on one end and a 
water jacket over its entire length. All glass parts were of Pyrex. In 
operation, the spectograph was tilted slightly to bring its axis parallel to 
that of the mercury arc and the window of the cell was placed about one 
mm. from the slit with the cell along the axis of the spectograph. The 
arc light operated on a direct current of 3 amperes. 
Figure 1 is a graphical representation of the Raman spectra of the 
furans studied. The height of the lines represents the comparative in-
tensities as recorded by the densitometer. 
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TABLE 1. Comparative Raman lines of ju.ran, thiophene and pyrrole 
Furan Thiophene Pyrrole 
t:..y• t:..y• t:..y• 
303 (00) 
356 (00) 
457 (0) 
570 (00) 
603 (0) 606 (10) 621 (2) 
730 (0) 
690 (2) 
751 (8) 706 (l1h) 
863 (lb) 834 (10) 
828 (1) 
852 (1) 
875 (1) 
906 (2) 
996 (1) 1035 (10) 1035 (Yz) 
1058 (lb) 1084 (10) 1078 (1h) 
1140 (6) 1131 (1) 1140 (8) 
1169 (2) 
1370 (2) 1361 (10) 1377 (31h) 
1408 (10) 
1487 (6) 
1559 (OOb) 
1466 (3) 
2999 (3) 
3081 (8) 3073 (1) 
3158 (3) 3104 (10) 3123 (3) 
3380 (2b) 
• Raman Frequencies ( t:.. V) in cm-1• 
The values in parentheses are intensities; the thiophene numbers are those 
of Venkateswaren'0, and the pyrrole numbers those of Bonino and co-workers11• 
The numbers reported by Glockler and Wiener& for furan are: 604, 
735, 857, 990, 1055, 1139, 1381, 1486 and 3165. 
TABLE 2. Raman lines of substituted ju.rans 
2-METHYLFURAN: 256 (2), 345 (1), 635 (0), 661 (3), 726 (Ob), 809 (Ob), 892 (0), 
926 (0)' 979 (0)' 1020 (0)' 1090 (5)' 1162 (1)' 1221 (2)' 1230 (1)' 1385 (2)' 1456 (3)' 
1515 (8), 1610 (3), 2928 (6), 2960 (0), 3125 (4), 3154 (4). 
2-FURYLETHYLENE: 482 (1) , 35 (0), 655 (0), 715 (Ob), 900 (Ovb) , 1028 (2) , 1084 (1), 
1218 (1), 1295 (2), 1386 (2), 1436 (0), 1484 (8), 1577 (1), 1637 (10) , 3143 (0). 
2-FURYLCARBINOL: 423 (0), 630 (1), 820 (Ob), 885 (1), 1015 (2b), 1081 (3), 1156 
· (1), 1227 (1), 1383(2b),1465(0),1502(4),1599 (1), 2890 (0), 2921 (Ob), 3110 (lb), 
3140 (lb). 
2-FURFURAL: 503 (5), 599 (0), 635 (0), 756 (1), 780 (0), 885 (2), 931 (3), 940 (1), 
1024 (3)' 1081 (3)' 1156 ( 4) ' 1223 (1)' 1280 (0)' 1370 (8)' 1395 (8)' 1472 (10)' 1569 
(2)' 1673 (7)' 1691 (5)' 3142 (1) . 
2-FUROYL CHLORIDE: 335 (1), 425 (1), 550 (3), 827 (lb), 888 (lb), 957 (1), 1028 
(2), 1082 (1), 1160 (2), 1230 (1), 1388 (4), 1456 (7), 1560 (1), 1740 (2b), 3150 (O). 
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SUMMARY 
The Raman spectra of furan and some of its derivatives have been 
measured, and attention has been directed to some correlations of spectra 
with related heterocycles (thiophene and pyrrole) which also have en-
hanced aromatic characteristics. 
The foregoing results may be interpreted as in support of the classical 
diolefinic structure for furan. 
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The true lactic acid bacteria may be classified into two natural 
groups with respect to their dissimilation of carbohydrates. Orla-Jensen 
(1919) has placed in different genera th< se organisms that convert glu-
cose primarily into lactic acid and those which produce, in addition, 
appreciable quantities of ethyl alcohol, volatile acids and carbon dioxide. 
Kluyver and. Danker (1924) have suggested the terms homofermentative 
and heterofermentative, respectively, for the two groups. 
In view of the intermediary role assigned to pyruvic acid in bacterial 
metabolism, the mechanism of its breakdown by bacteria is of import-
ance to an understanding of the dissimilation of carbohydrates. 
The organism used in this investigation, Lactobacillus lycopersici, is 
typical of the heterofermentative group. It was isolated by Mickle (1924) 
and described as a gram positive, non-sporeforming, non-motile rod, oc-
curring singly or in chains, and often developing long filaments. Lactic, 
acetic and carbonic acids, ethyl alcohol and glycerol are formed from 
glucose. In addition, mannitol is formed from levulose. A detailed de-
scription of the organism is given by Pederson (1929). 
METHODS 
The medium used in this investigation consisted of sodium pyruvate 
0.67 per cent, K 2HP04 0.6 per cent, and KH2P04 0.6 per cent, yeast ex-
tract (Difeo) 0.2 per cent and peptone 1.0 per cent. The solutions of (1) 
yeast extract and peptone and (2) phosphates, were sterilized separately 
by autoclaving at 20 lbs. for 20 minutes. The sodium pyruvate was 
sterilized by filtration through a Seitz filter. The ingredients of the 
medium were combined in sterile 1-liter Erlenmeyer flasks and the pH 
adjusted to 6.2 at the time of inoculation. Twenty-five cc. from a three-
day culture of L. lycopersici grown in medium of the same composition 
were used for inoculation. The fermentations were incubated at 30°C. 
for 21 days. 
Oxygen-free nitrogen was continuously bubbled through the medium 
to insure strictly anaerobic condition as well as to carry the carbon dioxide 
produced by the fermentation into Bowen potash bulbs for gravimetric 
determination. 
Upon completion of the fermentation the medium was quantitatively 
analyzed for lactic, acetic, pyruvic and carbonic acids. The lactic acid was 
determined by the Friedemann, Cotonio and Shaffer (1927) method. 
The volatile acids were determined by steam distilling 400 cc. of the fer-
mented liquor to two liters of distillate. Owing to the slight volatility of 
1 Supported in part by a grant from the Industrial Science Research fund and in 
part by the Rockefeller Fluid Research fund of Iowa State College. 
[141] 
142 M. E. NELSON AND C. H. WERKMAN 
the pyruvic acid it was necessary to neutralize the distillate with sodium 
hydroxide, evaporate to 300 cc., acidify and again steam distill to recover 
the volatile acids. The acids in the second distillate were determined by 
the partition method of Osburn, Wood and Werkman (1933). The pyruvic 
acid was continuously extracted with ethyl ether from an aliquot part of 
the medium and determined by iodoform titration, according to Wendel 
(1931). The residual carbon dioxide in the medium was driven from the 
liquor by acidifying to congo red with sulfuric acid and boiling under a 
reflux condenser. The carbon dioxide was carried by C02-free air into 
Bowen potash bulbs and determined gravimetrically. 
Purity of the cultures was assured by microscopic and cultural ex-
amination at the time of inoculation and just prior to analysis. 
EXPERIMENTAL 
The results of two representative experiments are presented in table 
1. The data in the first column are expressed in millimols per liter of 
medium; in the second column in millimols of carbon. The oxidation-
reduction ratios are given for each experiment. 
No glycerol, ethyl alcohol or succinic acid was detected in the fer-
mentations. The creatine test for acetoin was negative. 
TABLE 1. Dissimilation of pyruvic acid by Lactobacillus lycopersici 
I II 
mM mM of mM mM of 
liter carbon liter carbon 
Pyruvic acid fermented 70.5 211.5 46.7 140.1 
Lactic acid 37.7 113.1 22.8 68.4 
Acetic acid 35.1 70.2 22.6 45.2 
Carbon dioxide 38.8 38.8 23.8 23.8 
Total 222.1 137.4 
Percentage of C. recovered 105.2 98.1 
Oxidation-reduction index 1.10 I 1.02 
The three compounds resulting from the fermentation were found to 
occur in equimolar quantities, suggesting a dissimilation involving the 
oxidation of one molecule with the simultaneous reduction of another 
molecule of pyruvic acid. 
Decarboxylation of the pyruvic acid does not appear to occur since 
fixation of acetaldehyde by dimedon or bisulfite was unsuccessful after 
repeated trials. The close relationship of the lactic to the propionic acid 
bacteria and the failure of van Niel (1928) and Wood and Werkman 
(1934) to detect acetaldehyde in fermentations by the latter organisms 
suggests the applicability of the proposal of these investigators to the 
lactic acid bacteria; that is, a hydration of the pyruvic acid occurs fol-
lowed by a dehydrogenation resulting in the formation of carbon dioxide 
and acetic acid as shown in equation (1). The active hydrogen formed 
serves to reduce a second molecule of pyruvic acid to lactic acid ( equa-
tion 2). 
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OH 
I (1) CH3COCOOH + H20---? CH3 C COOH---? CHaCOOH + C02 + 2H 
I 
OH 
(2) 2H + CH3COCOOH---? CH3CHOHCOOH 
Simon (1932) assigned an intermediary role to pyruvic acid in the 
fermentation of lactic acid by L. delbrilckii, a homofermentative lactic 
acid organism. Nelson and Werkman (1935) have fixed pyruvic acid with 
calcium sulfite in the fermentation of lactic acid by members of the hetero-
fermentative group. They suggested that the active hydrogen formed 
from the breakdown of the lactic acid and also from the breakdown of 
intermediary pyruvic acid serves in part to reduce glyceric aldehyde to 
glycerol. On the other hand, the data in table 1 show that a second mole-
cule of pyruvic acid accepts the hydrogen formed from the breakdown 
of a first molecule of the compound. In view of the presence of hydrogen 
acceptors in addition to pyruvic acid, in the fermentation of glucose, it is 
probable that pyruvic acid and gylceric aldehyde as well as acetaldehyde 
play the role of hydrogen acceptors. 
It is interesting to note the similarity of the fermentation of levulose 
and of pyruvic acid by the heterofermentative bacteria. Each compound 
acts as a hydrogen donator as well as an acceptor. Levulose is dissimi-
lated to lactic acid, acetic acid, carbon dioxide and ethyl alcohol as well 
as reduced to mannitol. Pyruvic acid forms acetic acid and carbon dioxide 
and is reduced to lactic acid. This ability with respect to levulose seems 
to be quite specific for the heterofermentative lactic acid bacteria. 
Whether the ability of the organisms to bring about the simultaneous oxi-
dation and reduction of pyruvic acid is specific for this group of lactic 
acid organisms has not been determined. 
CONCLUSIONS 
Pyruvic acid was fermented by L. lycopersici with the production of 
lactic, acetic and carbonic acids in equimolar quantities. 
One molecule of pyruvic acid undergoes oxidation to acetic and car-
bonic acids with the simultaneous reduction of a second molecule of 
pyruvic to lactic acid. 
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Chlorination of wool, suggested about 1839 by Mercer (14) as a 
means of increasing its affinity for dyes and introduced into practice in 
1865 by Lightfoot (12), has also been used in producing an unshrinkable 
finish. Although chlorinated wool varies with chlorinating agent or de-
gree of chlorination, it has been compared with wool as of greater affinity 
for water and dyes, less tendency to shrink and felt, greater luster and 
scroop, less tensile strength and elasticity, and greater solubility in water 
and dilute acid and alkali. 
Trotman (18) has reported gradual solution of nitrogen and sulfur 
from wool and change in the ratio of sulfur to nitrogen in the residual 
wool with increasing time or temperature of chlorination; he has noted 
solution of 2.6 and 4.8 per cent of wool in 0.1125 N and 0.1687 N hypo-
chlorous acid and 12.0 per cent of sulfur and 2.7 per cent of nitrogen in 
0.2812 N hypochlorous acid. Sobue and Hirano (16) have reported solu-
tion of 2.25 and 5.47 per cent of wool in one hour at 25°C. in calcium 
hypochlorite corresponding to 0.0032 N and 0.1428 N hypochlorous acid. 
Wool has been described as losing no nitrogen when treated thirty min-
utes with hypochlorous acid, 0.5 per cent chlorine per weight of wool (20), 
and 1.4 per cent nitrogen upon 10 per cent chlorination (5). Barritt and 
King (6) have decreased the sulfur 28.1 per cent in one hour with 31.2 
per cent of chlorination per weight of wool, although Haller (11) has 
considered sulfur not connected with the reducing properties of wool. 
Trotman (18) has described chlorinated wool as no more and over-
chlorinatd wool as much more soluble than wool in water, dilute acetic 
acid, 0.1 N sodium carbonate or sodium hydroxide, measured by loss in 
weight or colorimetric estimation of dissolved nitrogen, but as more sol-
uble than wool in 0.5 N sodium carbonate in twelve hours (19). 
To obtain quantitative data of the effect of dilute acid and alkali on 
the composition and mechanical failure of chlorinated wool at tempera-
tures of use and dyeing we have chlorinated wool with 0.06 N hypochlor-
ous acid at 25°C. for an hour, treated it with 0.5 to 6 N hydrochloric acid 
for ten houhs at 25°C., with 0.25 to 0.75 N hydrochloric acid for one hour 
at 100°C., and with 0.05 N to 0.2 N sodium hydroxide for ten hours at 
40°C., and determined the weight, nitrogen, ·sulfur, and wet strength of 
the residual wool. 
~RIMENTAL PROCEDURE 
Preparation of Wool 
Plain-woven wool was boiled one hour in one hundred volumes of 
water, rinsed, dried at room temperature, cut for analysis, extracted con-
• Journal Paper No. J281 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project 381. 
[145] 
146 FLORENCE BARR, MILDRED BARR AND RACHEL EDGAR 
tinuously with anhydrous ether for eighteen hours and, excepting the 
specimens for breaking strength, dried at 105° to 110°C. until successive 
weighings with tare agreed within half a milligram. 
Preparation of hypochlorous acid 
A solution of 65 grams of sodium carbonate was added to 100 grams 
of bleaching powder in warm water, diluted to two liters, and filtered. 
To a measured volume of the filtrate an equivalent amount of dissolved 
boric acid was added just before use. The iodine freed when hypochlorous 
acid was added from a burette to 25 cc. of ten per cent potassium iodide, 
acidified with hydrochloric acid and diluted to half a liter, was titrated 
with standard sodium thiosulfate using starch paste as an indicator (17). 
The concentration of the hypoclorous acid was checked electrometric-
ally by Penot's method (7). 
Chlorination of wool 
Five-gram samples of wool were immersed in 200 cc. of water or 
standard hypochlorous acid in a stoppered flask at 25° + 0.1°C. for one 
hour and washed in water until the rinse no longer produced an opal-
escence with silver nitrate. The effect of hypochlorous acid on a wool 
used for preliminary tests is shown in table 1. The change in wool brought 
about by 0.06 N hypochlorous acid in one hour at 25°C. is shown in table 2. 
TABLE 1. Effect of hypochlorous acid on the weight, nitrogen, sulfur, and breaking 
strength of wool in one hour at 25°C. 
Hypchlorous Residual wool 
acid 
I I I 
Breaking 
Weight Nitrogen Sulfur strength of 
wet warp 
normality percentage of wool I pounds per inch 
0 99.7 16.27 3.62 13 
0.0133 99.4 16.26 3.62 12 
0.0528 97.9 16.26 3.49 12 
0.0806 10 
0.1209 9 
0.1377 8 
Acid degradation of wool 
Five grams of wool were immersed in. 200 cc. of water or hydrochloric 
acid, standardized by precipitation as silver chloride, in a stoppered flask 
at 25° + 0.1 °C. for ten hours and washed in water until the rinse gave 
no test for chloride. Tests at 100°C. for one hour were made with water or 
hydrochloric acid in balloon flasks fitted with water-cooled reflux con-
densers and heated in a boiling water bath (3). 
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TABLE 2. Change in wool brought about by 0.06 N hypochlorous acid in one hour 
at 25°C. 
Determination 
Ash, percentage 
Nitrogen, percentage 
Breaking strength of wet warp, pounds per inch 
Sulfate sulfur (12), percentage 
Sulfite-yielding sulfur (9), percentage 
Total sulfur, percentage 
Weight, percentage 
Wool 
0.o7 
16.31 
12 
0.36 
none 
4.07 
100.0 
Alkaline degradation of wool 
Chlorinated 
wool 
none 
15.98 
10 
none 
none 
3.72 
98.4 
Five grams of wool were immersed in 200 cc. of water or standard 
sodium hydroxide in a stoppered flask at 40° -+- 0.1°C. for ten hours and 
washed in water until the rinse gave no test for alkali with phenolphthalein. 
Analysis of wool 
The wet warp breaking strength of ten specimens was determined at 
once with a Scott Universal Tester (1). The wool was dried at room tem-
perature (15) before analysis for nitrogen by the Kjeldahl-Gunning 
method (9) and at 105° to 110°C. before analysis for sulfur by the Bene-
dict-Denis method (8, 4). Each value for weight, nitrogen, sulfur or ash is 
the average of four determinations . 
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Table 3 shows the effect of acid and alkaline degradation on the 
weight, nitrogen, sulfur, and wet strength of the chlorinated wool. Hydro-
chloric acid in ten hours at 25°C. affected chlorinated wool the same as 
wool, measured by weight and nitrogen (3) ; its greater effect on the 
sulfur and wet strength of the chlorinated wool is shown in fig. 1. Chlorin-
ated wool was more degraded than wool by hydrochloric acid in one hour 
at 25°C., especially as measured by loss of sulfur (fig. 2). In ten hours 
at 40°C. sodium hydroxide decreased the nitrogen and weight of chlorin-
ated wool to the same extent and much more than in the case of wool 
(fig. 3) although it decreased the sulfur of both wools to the same ex-
tent (2) . The wet strength of chlorinated wool was completely destroyed 
in one hour at 40°C. by 0.05 N sodium hydroxide. 
TABLE 3. Effect of acid and alkali on the weight, nitrogen, sulfur, and breaking 
strength of chlorinated w ool 
Tern-
pera-
Hydrolytic agent Time tu re Residual wool 
Breaking 
strength 
Weight Nitrogen Sulfur of wet 
warp 
Nor -
mal- percentage of chlorinated pounds 
ity hour ·c. wool per inch 
Hydrochloric acid 0 10 25 97.1 15.84 3.69 10 
0.50 97.1 15.75 3.54 10 
1.00 96.8 15.80 3.60 9 
3.00 95.8 15.49 3.49 7 
6.00 91.4 14.77 3.42 5 
0 1 100 94.6 15.72 3.68 10 
0.25 89.8 14.67 3.34 5 
0.50 84.5 13.42 3.15 1 
0.75 78.5 12.30 3.06 <1 
Sodium hydroxide 0 10 40 96.4 15.71 3.67 10 
0.05 89.4 14.79 2.88 <1 
0.10 84.7 13.76 2.29 <1 
0.15 75.5 12.60 1.88 <1 
0.20 66.0 10.82 1.67 <1 
SUMMARY 
1. Degradation of wool, chlorinated by 0.06 N hypochlorous acid in 
one hour at 25°C., by 0.5 to 6 N hydrochloric acid in ten hours at 25°C., 
0.25 to 0.75 N hydrochloric acid in one hour at 100°C., and 0.05 to 0.2 N 
sodium hydroxide in ten hours at 40°C. has been followed by the weight, 
nitrogen, sulfur and wet breaking strength of the residual wool. 
2. Degradation of chlorinated wool by acid in ten hours at 25°C. 
exceeded that of wool as measured by sulfur or wet strength; at 100°C. the 
loss in sulfur was greater than that in weight, nitrogen or wet strength. 
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3. Sodium hydroxide in ten hours at 40°C. dissolved the same 
amount of sulfur from chlorinated wool as from wool but decreased the 
nitrogen and weight of the chlorinated wool more. The wet strength of 
chlorinated wool was completely destroyed in one hour at 40°C. by 0.05 
N sodium hydroxide. 
4. The residual chlorinated wool has been shown to decrease in 
nitrogen and sulfur with increasing concentration of acid or alkali. 
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FTom the Botany and Plant Pathology Section, Iowa AgricultuTal Experiment Station 
Accepted for publication August 29, 1935 
The establishment of Civilian Conservation Corps camps as a part 
of the Emergency Conservation Work program of the· Federal government 
in Iowa afforded an opportunity to study the decline of trees in Iowa 
parks and shelter belts. Technical foremen trained in the field of plant 
pathology were placed in 17 camps throughout the state to conduct sur-
veys for plant diseases including white pine blister rust and the Dutch 
elm disease and to eradicate the more important diseases wherever sani-
tation was feasible. In conducting the survey these men soon found that 
field identification of the numerous pathological specimens was impossible 
and arrangements were therefore made to have this material forwarded 
to the Botany Department at Ames for identification. 
The men were instructed to collect material only from standing trees 
in the early stae;es of decline and to send in with the specimens a form 
showing host identity, locality and time of collection. Their identifica-
tion of the host, description of the disease and estimate of severity were 
accepted. Examination of the specimens soon disclosed a preponderance 
of twig and branch injury chiefly in the form of lateral or encircling 
cankers which were fatal to the terminal section. 
Various fungi were found to be fruiting either in the dead or par-
tially killed tissues surrounding the killed area of the canker. The iden-
tification of these fungi was undertaken as a preliminary step to the study 
of the pathological condition. Fungi were identified on 713 of the 860 
specimens which were received before the suspension of the field foremen 
abruptly ended the program. 
This paper is a summary of these 713 identifications. The collections 
upon which these identifications are based are preserved in the herbarium 
at Iowa State College. The report is to be considered only as a preliminary 
statement, since, as can be judged from the number of specimens exam-
ined and the limited time which has elapsed since the beginning of the 
program, much checking of synonymy, and more intensive examination of 
the material still remains to be done. In spite of these shortcomings it 
was deemed desirable to make a progress report at this time. As soon as 
each group of fungi has been checked thoroughly, it and the allied species 
previously described from Iowa will be presented with adequate de-
scriptions. 
The 860 specimens represented 20 families, 36 genera and 68 species. 
As might be expected from the emphasis that has been placed on white 
pine blister rust and Dutch elm disease, Pinus strobus L. and Ulmus 
1 Journal Paper No. J289 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 362. 
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americana L. were most abundantly represented with 104 and 100 speci-
mens, respectively. However, 25 different fungi were found present on 
the American elm, while but 12 species were identified from the pine. The 
ten host species most frequently encountered are listed in table 1. 
TABLE 1. The ten most commonly submitted hosts and the genera of the fungi con-
taining the largest number of species found on 713 specimens 
Specimens Genera of Number of 
Hosts examined Infected fungi species 
Pinus strobus 104 78 Cytospora 25 
Ulmus americana 100 51 Sphaeropsis 16 
Populus deltoides 59 48 Tubercularia 16 
Acer saccharinum 55 42 Diaporthe 12 
Fraxinus lanceolata 43 28 Dothiorella 10 
Populus tremuloides 32 29 Valsa 8 
Pinus sylvestris 29 22 Coniothyrium 5 
Fraxinus americana 24 20 Didymosphaeria 5 
Salix nigra 21 18 Diplodia 5 
Acer negundo 20 13 Melanconium 5 
The range of fungi was even greater than that of the hosts. The 213 
identifiable species were distributed in 87 different genera. These were 
distributed among 15 families of Ascomycetes, 5 families of the Fungi 
imperfecti and one family of Basidiomycetes; the majority were to be 
found in the orders Sphaeriales and Sphaeropsidales. The genus most 
frequently met was Cytospora with 25 species on 47 hosts. Sphaeropsis 
and Tubercularia with 16 species on 27 and 28 hosts, respectively, were 
second in frequency. The ten genera with the largest number of different 
species are listed in table 1. 
If we change the point of view and examine the combinations of host 
and fungus most frequently collected (table 2) we find that Scoleconectria 
scolecospora (Bref.) Seaver on Pinus strobus heads the list, having been 
collected 21 times. Valsa pini (A. & S.) ex Fr. on the same host is second 
with 18 collections and Cytospora pinicola West., which is considered by 
many mycologists as the conidial stage of the Valsa, follows with 16 
specimens. Combined, these two fungi were present in 34 collections and 
should perhaps be first. Cytospora annularis Ell. & Ev. on green ash, 
Fraxinus pennsylvanica Marsh var. lanceolata (Borkh.) Sarg., followed, 
being found 11 times. Sphaeropsis ellisii Sacc. appeared 10 times on both 
Pinus strobus and Pinus sylvestris Linn. Cytospora nivea (Hofhn.) Sacc. 
was present 9 times on Populus alba L., Populus deltoides Marsh, and 
Populus tremuloides Michx. Sphaeropsis inquinans Pk. was identified 
a like number of times (9) on Acer saccharinum L. Although Ulmus 
americana was received in great numbers, the number of different para-
sites on it was so great that the first occurrence of this host on this list was 
in sixteenth place, where it appears as a host for Cytospora carbonacea 
Fr. in six instances. 
An analysis of these figures indicates that white pine is among the 
trees most seriously threatened by disease. This species is closely followed 
by green ash and the poplars. Acer saccharinum is another species which 
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seems to be highly susceptible. Scotch pine is somewhat more resistant. 
The American elm is quite resistant to disease. At least the fact that 
there are a large number of fungi, none of which have gained a dominance, 
would indicate such a conclusion. 
TABLE 2. Combinations of fu.ngm a.nd host most frequently collected 
Fungus 
Scoleconectria scolecospora 
Valsa pini 
Cytospora pinicola 
Cytospora annularis 
Sphaeropsis ellisii 
Sphaeropsis ellisii 
Cytospora nivea 
Cytospora nivea 
Cytospora nivea 
Sphaeropsis inquinans 
Valsa pini 
Cytospora salicis 
Dothichiza populea 
Cytospora chrysosperma 
Cytospora annularis 
Cytospora carbonacea 
Steganosporium cellulosum 
Tubercularia vulgaris 
Tubercularia nigricans 
Valsa nivea 
Sphaeropsis simillina 
Hypoxylon pruinatum 
Didymosphaeria accedens 
Cryptosporium coronatum 
Host 
Pinus strobus 
Pinus strobus 
Pinus strobus 
Fraxinus pennsylvanica var lanceolata 
Pinus strobus 
Pinus sylvestris 
Populus alba 
Populus deltoides 
Populus tremuloides 
Acer saccharinum 
Pinus sylvestris 
Salix nigra 
Populus deltoides 
Populus deltoides 
Fraxinus americana 
Ulmus americana 
Acer saccharum var. nigra 
Morus rubra 
Ulmus americana 
Populus tremuloides 
Acer saccharinum 
Populus tremuloides 
Fraxinus pennsylvanica var. lanceolata 
Populus deltoides 
Number of 
collections 
21 
18 
16 
11 
10 
10 
9 
9 
9 
9 
8 
8 
7 
7 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
As yet we have very little data concerning the parasitism of the fungi 
involved. Our opinion is that they are chiefly secondary invaders after 
other injuries. The very fact that of the total number of collections (860) 
there were 147 which showed no identifiable fungi would indicate that 
cankers on trees may be caused by other agencies than parasitic fungi. 
Insects are responsible in some cases. Sunscald is common on smooth 
barked trees where they are not shaded. Mechanical injuries also oc-
curred. The trees studied were in plantings rather than natural habitats. 
The pines were not well adapted to the conditions under which they were 
growing. The poplars and soft maple were reaching their maturities and 
therefore were in the right condition for the attack by these fungi. 

OBSERVATIONS ON THE ONION THRIPS (THRIPS TABACI 
LIND.) 1 
H. M. IIARRrs, C. J. DRAKE AND H. D. TATE 
From. the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station 
Ai;cepted for publication August 21, 1935 
The present paper deals largely with experiments with onion thrips 
carried on in conjunction with a survey of the insect pests of the onion. 
The purpose of the survey was to find the species of insects which are 
the active agents responsible for the dissemination of the virus of a dis-
ease known as yellow dwarf of the cultivated onion. Most of the life 
history experiments were conducted in the insectary and greenhouse at 
Ames, Iowa, during the summer of 1928. The field observations were 
made both at Pleasant Valley and Ames, Iowa. 
At the time the yellow dwarf malady was discovered near Pleasant 
Valley it seemed quite patent that insects were responsible for the natural 
spread of the disease in the field. When a study of the situation was first 
started considerable attention was given to the onion thrips and other 
primary and secondary pests of this plant as possible vectors of the dis-
ease. Many tests, however, failed to prove that the adults or nymphs can 
serve as conveyors of the virus (Drake, Tate and Harris, 1932). In these 
experiments hundreds of adults, which had been reared solely on diseased 
onions for one, two or more generations, failed to act as c.arriers of the 
disease when transferred to healthy onions. The offsprings of thrips 
which had fed solely on diseased onions for several generations also failed 
to transmit the inoculum. In Hawaii the onion thrips (Lindford, 1932) has 
been convicted of serving as the transmitter of a virus disease of the 
pineapple, called pineapple yellow spot. 
The onion thrips is one of the pests most seriously affecting the onion 
crop in Iowa. It feeds on all aerial portions of the growing plant and to 
some extent on the bulbs in storage. Shipments of sets, mother bulbs 
and commercial onions ahnost invariably harbor one or more stages of 
the insect. Numerous outbreaks of the insect have been recorded in the 
principal onion-growing districts of the state since 1894. On account of a 
very heavy infestation at the time yellow dwarf was discovered at Pleas-
ant Valley, the onion thrips was generally suspected and often wrongly 
accused of being responsible for the natural spread of the malady. 
POPULATION COUNTS (Fig. 1) 
Many workers on the economy of thrips have considered in some way 
or other the influence of meterological factors on the population-building 
of these insects. Iii the case of Thrips tabaci on the onion the recurrence 
of epidemics has not infrequently been correlated with subnormal rain-
1 Journal Paper No. J279 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 135. 
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fall and relatively high temperature during the vegetative period of this 
plant. In order to secure more definite information regarding the rate of 
population increase and the effects of temperature and rains upon actual 
infestations, ten onion plants were selected each day at random in the 
field and then the adults and larvae feeding upon the exposed foliage of 
these plants were removed and counted. As soon as the thrips from the 
exposed surfaces of a given onion were collected, the plant was pulled and 
immediately torn apart over a suitable surface so that individuals which 
had secreted themselves in the axils of the leaves or other parts were in-
cluded in the counts. Records for each onion plant were kept separately. 
As the plants were destroyed in making the counts, it was necessary to 
select a new series of 10 plants each day. Yellow bottleneck onions, grown 
from sets in the experimental field at Ames, were used for making the 
studies. The counts, started on June 12 and continued until two days 
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Fig. 1. Graph depicting seasonal trend in plant infestation and effect of driving rains 
thereon. · 
before the crop was harvested on July 4, were taken at daily intervals. 
In the accompanying graph (fig. 1) the trend of population from day to 
day as evidenced by the counts is depicted. The rate of increase was very 
rapid and reached its peak on June 24, when 1,596 thrips were collected 
from 10 plants. The sharp numerical decline of the population on June 26 
and 27 was the result of driving rains, which on the latter date had been 
accompanied by a heavy hail storm. The sudden rise on the following day 
is accounted for partly by the emergence of new adults, which as the 
curve shows had been rather high up to this time, and partly by the re-
appearance on the plants of thrips that had been knocked off by the rain 
yet had survived it. 
The effect of hard rains on thrips populations was considerably in-
fluenced by the type of soil. On the other hand thin rains (fig. 1, June 18) 
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had little, if any, measurable effect on the population. During heavy 
downpours many individuals were beaten to the ground and destroyed 
and, in soils which had a tendency to pack and cake after such rains, 
emergence of newly transformed adults and individuals which had sought 
refuge in crevices in the soil was considerably checked. A grand total of 
17,788 thrips-14,832 nymphs and 2,956 adults-was collected in the study. 
Based on these data the population at the peak of the infestation ran from 
15,000,000 to 30,000,000 individuals or more per acre. Under such infesta-
tions the effect of the feeding activities of the insect becomes quite pro-
nounced. Onions with thick neck, scullions and small unmarketable bulbs 
are very common. Leaves of individual plants become speckled, then 
whitish in color, crinkle, curl, and soon become brown and die. 
As is evidenced by the daily records, the season of 1928 was quite 
ideal for the increase of onion thrips. In contrast the past season, 1934, 
due to excessively high temperatures and the severe and prolonged 
drouth, was extremely unfavorable for thrips and as a result the infesta-
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Fig. 2. Duration of life stages of Thrips tabaci in an outdoor insectary. 
tion was not sufficiently high to allow practical control experiments to be 
carried on in the field. 
INJURY CAUSED BY FEEDING 
The feeding activities of individual thrips result in the production of 
minute lesions on the leaves which develop into necrotic spots. As the 
population increases, these lesions become more numerous and often con-
fluent, thus producing the well-known condition commonly designated 
by such appelations as "white blast" and "silver top" (Pl. III, fig. 5). The 
seriousness of this injury is later manifested by a curling and gradual dry-
ing of the foliage and under very severe infestations the premature death 
of the plant. Both adults and nymphs attack the inflorescence. The im-
portance of this injury in producing onion sterility was treated by Pear-
son in 1930. 
In order to obtain a clearer idea of the damage to the cells and tissues 
microscopical studies of the lesions were made. Materials were obtained 
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from plants showing various degrees of feeding injury and, for comparative 
purposes, from uninfested plants. Small sections of the leaves were killed 
and iixed in chromacetic solution and stained in iron hematoxylin. Paraffin 
sections varying from 10-20 microns in thickness were employed in the 
study, the thicker sections being more desirable for injury examination. 
Both longitudinal and transverse sections of infested and uninfested tis-
sues are shown in Plate III. 
The histology of injured leaves is shown in Plate III, figures 2 and 4. 
Figure 5 of the same plate shows an enlarged surface view of the feeding 
injury. It is quite evident that the outer epidermal layer is completely dis-
rupted and the palisade cells badly disorganized and often even entirely 
destroyed. Occasionally injury extends into the mesophyll cells. The 
gashing of the epidermis and the piercing and driving of the stylets into 
the underlying cells result in rapid desiccation of the lacerated tssues and 
the formation of necrosed areas. 
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Fig. 3. Duration of life stages of Thrips tabaci at 25° C. 
SEX RATIO AND PARTHENOGENESIS 
From the proportion of males to females collected in field studies it 
has long been evident that parthenogenesis occurs in the Thysanoptera. 
Shull (1914) gave a good review of sex in the life cycle of a number of 
species of thrips. He also made a series of field collections of numerous 
species in order to determine their sex ratio. Out of 228 specimens of 
Thrips tabaci taken at Douglas Lake and Ann Arbor, Michigan, only two 
males were recorded. 
In connection with the writers' field-infestation counts on onions, a 
series of 500 adults were found to represent 452 females and 48 males 
(identification checked by Mr. Dudley Moulton). The question, would 
the sex ratio be different if the collections were made late in the fall, has 
not infrequently been raised. With this thought in mind 240 adults were 
collected on volunteer onions growing at Ames on November 2, 1931. Of 
this number only 4 were males, representing a ratio of 1 male for 60 
imagoes. Shull, in the late autumn, found an increase in the proportion of 
males to females. 
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Ten virgin females, which had been confined in separate cages from 
the time of hatching, were kept on onion leaves known to have always 
been free from thrips. Four days after reaching the imaginal stage, some 
of the females began to lay eggs. From the offspring of these females 100 
newly hatched nymphs were picked out indiscriminately and then reared 
to maturity in individual cages2• Of these, all were winged males. These 
results agree with those obtained by Shull (1917) with Anthothrips 
verbasci, by Eddy and Livingston (1931) with Franklinella fusca, and by 
Smith and Nelson (1933) with Taeniothrips gladioli. On the other hand 
Eddy and Clarke (1930) reared Thrips tabaci parthenogencially on cotton 
seedlings and all offspring were females. Similarly Sakimura, in Hawaii, 
reared 85 progenies from unmated females and all were females (1932). 
This same author examined 5,000 specimens from various sources, and 
these were all females save five. In Sudan, South Africa, McGill (1927) 
collected from cotton, at various times throughout the summer, 3,000 
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Fig. 4. Duration of life stages of Thrips ta.baci at 30° C. 
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individuals without finding a male. Recently one of the writers (H. D. T.) 
reared a dozen or so offspring from unmated females, all of which were 
females. 
It is thus 'evident that the sex ratio and method of reproduction, with 
a consideration of any possible effects of kind and condition of food, and 
of relative humidity thereon, need further critical study. 
LONGEVITY OF THE FEMALE 
In order to determine the longevity of the female thrips, 50 newly 
emerged adults were placed in individual cages and kept in a constant 
temperature of 30° C. Fresh onion leaves were supplied at regular inter-
vals for food. The maximum length of life was 39 days, the minimum 9 
days and the mean 19.9 days. Also, 10 newly emerged adults were placed 
in separate cages without food and kept at a constant temperature of 30° 
'The authors are indebted to Dr. T. A. Brindley, who, while located at Ames, 
assisted with these studies and made observations. 
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C. and constant relative humidity of 70 per cent. These lived for an aver-
age period of only two days. 
LIFE STAGES (Plates I and II) 
The onion thrips is world-wide in distribution. It is very common in 
the United States and often occurs in menacing numbers in onion-growing 
districts. Onion, cabbage, turnip, beet, tomato, sweet clover and many 
other cultivated crops, many weeds and numerous other plants serve as 
suitable hosts. 
In these studies the two feeding larval stages are designated as first 
and second instar nymphs and the two non-feeding larval stages as pre-
pupa and pupa, respectively. The adult female is depicted in Plate I and 
the egg and four larval stages in Plate II. The eggs are deposited singly in 
the tissues of the plant. The different stages have been described in detail 
by Federov and others. 
Observations on the life history of the onion thrips in Russia have 
been published by Lindeman (1888), in Florida by Quaintance (1898), 
in Massachusetts by Hinds '1902). in Iowa bv Horsfall and Fenton (1922) 
and in South Carolina by Eddy and Clark (1930). A very complete record 
of its ethology on tobacco in Crimea is given in the excellent paper by 
Federov (1930). As stated above, the biological observations by the 
writers were made while attempting to ascertain whether the onion thrips 
is capable of serving as mechanical or biological carrier of a virus disease 
of the onion. 
For conducting the studies of the activity and life stages of the onion 
thrips, single individuals were kept in cages made of shell vials 60 mm. in 
length and 20 mm. in diameter. Small pieces of cellucotton were tamped 
in the bottom of each vial and then covered with a tightly-fitting disc of 
blotting paper. The cellucotton and blotting oaper were slightly moist-
ened and then at regular intervals remoistened so as to keep the relative 
humidity comparatively high in the cage. The vials were tightly closed 
by means of plugs of cotton batting. 
Sections of fresh onion leaves approximately 40 mm. in length were 
used as food. In order to facilitate the observance of the caged insect and 
at the same time to check the rate of evaporation, the ends of the sections 
of onion leaves were sealed with paraffin. With this technique it was pos-
sible to make observations at any time without removing the insect or the 
portion of the onion leaf from the vial. Such leaf-sections served as a 
source of food for a period of 3 to 5 days when kept in the constant tem-
perature and constant humidity cabinets. 
From 4 to 6 days after emergence oviposition begins. Eggs of a known 
age were obtained by confining a number of females for a period on a 
small section of a fresh onion leaf known to be free from thrips. At the 
end of 24 hours the thrips were removed from each vial and the sections 
kept in their respective cages at the desired temperatures until the end of 
the incubation period. 
The egg at the time of laying is small, reniform, about 200 microns in 
length and one-half as thick, and of a whitish color. As the embryo de-
velops the egg becomes orange-like in color and the reddish eyes are vis-
ible. The duration of the egg stage and different larval instars depends 
greatly upon temperature conditions. Federov states that a female may 
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lay as many as 100 eggs. Eddy and Clarke record as high as 14 eggs per day 
from a single female. The greatest number of eggs laid by a single female 
in our studies was 22. This, however, undoubtedly does not represent 
the maximum because the writers took egg-laying records of only a few 
females. 
In securing the length of the different developmental periods, 100 
individuals were housed in the screened laboratory, which approximated 
field conditions, and 50 individuals in each of the constant temperature 
cabinets, maintained respectively at 25° C. and 30° C. The periods of life 
of the two feeding larval instars have been consolidated into one unit in 
tables 1, 2 and 3. These active larvae are somewhat gregarious in habit 
and tend to conceal themselves in the axils of the leaves of the onion plant. 
Field counts made at Pleasant Valley during the summers of 1929 and 
1930 show that a large percentage of the nymphs had concealed them-
selves in this portion of the plant at the time the records were taken. 
The two more or less quiescent and non-feeding stages are usually 
found in the soil. As soon as a feeding nymph of the second instar be-
comes mature it buries itself in the ground, molts and becomes a prepupa. 
The duration of the prepupa and pupa stages is comparatively short (see 
tables 1, 2 and 3). No attempt was made to determine accurately the num-
ber of generations in a summer in Iowa; records indicate, however, that 
there may be from 5 to 8. The insect is also commonly found in green-
houses and breeds there throughout the entire year. The adults may be 
found throughout the winter in favorable hibernating quarters. 
DURATION OF DEVELOPMENTAL STAGES (Figs. 2, 3 and 4) 
The average time, and the maximum and mmimum times, required 
for the completion of development of the various life stages under the 
three environmental conditions are shown in tables 1, 2 and 3. Table 4 
shows the total time necessary to develop from egg to adult under the 
three conditions of temperature. In the column marked "theoretical" the 
figures cited were obtained by combining the minimum (or maximum) 
time required by any individual within the series to complete the egg 
stage with the minimum (or maximum) period required by any indi-
vidual for the nymphal stage and the minimum (or maximum) periods 
required by any individuals for the prepupal and pupal stages respectively. 
Such a figure is of interest in that it may show where the most effective 
temperature range occurs, i. e., the temperature where the actual total 
time for development most nearly coincides with the theoretical. As seen 
from the chart, this temperature is at 30° C. 
TABLE 1. In screened laboratory 
Stage (length in days) 
Number of (2 stages) 
individuals Time Egg Nymphal Prepupa Pupa 
Mean 5.09 4.34 1.44 2.44 
100 Minimum 4 3 1 1 
Maximum 7 7 3 4 
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TABLE 2. In constant temperature cabinet, 25° ± .1° 
Stage (length in days) 
Number of (2 stages) 
individuals Time Egg Nyrnphal Prepupa Pupa 
Mean 6.0 6.08 1.22 2.76 
50 Minimum 6 5 1 2 
Maximum 6 7 2 3 
TABLE 3. In constant temperature cabinet, 30° ± .1° .. 
Stage (length in days) 
Number of (2 stages) 
individuals Time Egg Nyrnphal Prepupa Pupa 
Mean 4 4.16 1 2 
50 Minimum 4 4 1 2 
Maximum 4 5 1 2 
TABLE 4. Summary of duration of developmental period in days 
Minimum Maximum 
Theoret- Theoret-
Temperature ical Actual ical Actual Mean 
In outdoor laboratory 9 11 21 15 13.31 
At 25° C. 14 15 18 18 16.06 
At 30° C. 11 11 12 12 11.16 
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This paper presents the data now in hand on one phase of the wildlife 
research program of Iowa State College2 ; namely, the study of the nesting 
habits of the English or ring-necked pheasant (Phasianus colchicus tor-
quatus Gmelin). 
Although the pheasant is not a native species, little explanation need 
be made as to the reasons for choosing this bird as an object of study. 
With the tremendous reduction in the numbers of the native prairie 
chicken which has accompanied the later stages of the the agricultural 
development of Iowa, the pheasant, at least in the northern half of the 
state, has come to assume great importance to the hunting public. So 
much interest and importance have been attached to this bird that 
pheasant management has become a major item in Iowa's fish and game 
program. The reason for an ecological study of the pheasant at once be-
comes· clear. 
The region in the vicinity of Ruthven, Iowa, was chosen as the site of 
the nesting studies for two reasons: first, because a pheasant population 
thought to be representative is found there, and second, because a field 
sub-station had already been establishd and cooperative relations entered 
into with the farmers and townspeople of the vicinity, in connection with 
the duck studies carried on by Dr. Paul L. Errington and Mr. Logan J. 
Bennett. 
The general purpose of the work has been to attempt to gain some 
insight into the ecologic aspects of pheasant nesting, as an aid to the 
formulation of definite recommendations for pheasant management in 
Iowa. The present paper deals with the findings to date. 
TECHNIQUE 
The data embodied in this report are the result of field investigations 
carried on during the breeding seasons of 1933, 1934 and 1935. During 
this period, 503 pheasant nests have been under observation, 50 in the 
summer of 1933, 221 in 1934 and 232 in 1935. The following facts were re-
corded: number of eggs; approximate date of laying of the first egg of a 
clutch; date of hatch; number hatched, infertile and dead in shell; if the 
1 Journal Paper No. J291 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 329. 
· •The Iowa research prol!ram 1932-1935 was established at Iowa State College by 
the Colle~e and the Iowa Fish and Game Commission cooperatively, with financial 
contributions from J. N. ("Ding") Darling. The work was carried on under the ad-
ministrative supervision of Dr. Carl J. Drake and the direction of Dr. Paul L. Errin?ton. 
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nest was deserted or destroyed, an attempt was made to establish the 
cause; identification of cover and lining material, and of the general type 
of vegetation in which the nest was placed; depth of nest, whether or not 
roofed over; an evaluation of the efficiency of cover and drainage; expos-
ure; direction faced by nest opening; distance to nearest break in cover or 
edge of cover; distance to nearest trees and water. Many nests were 
photographed to make the record more nearly complete. A 20-acre portion 
of a burned over slough 100 acres in extent was accurately mapped to 
show the exact location of each nest, and two sketch maps, one of a burned 
over slough of two and one-half acres, the other of a mowed alfalfa field 
of the same size, were made for the purpose of illustrating the placing of 
nests in relation to edges. Censuses of broods were taken each season, in 
order to obtain data on juvenile mortality. Data from concurrent studies 
on the food habits of the horned owl, marsh hawk, fox and mink, not in-
cluded in this paper, have been obtained by the research staff and serve 
as valuable aids in the consideration of predator losses during the nest-
ing season. 
Several methods were employed in the search for nests. By means of 
articles published in the Ruthven Free Press, through the courtesy of Mr. 
A. L. Bragg, the editor, and through contacts made directly in the field, 
the farmers and townspeople were asked to report any nests which they 
should find. Local cooperators reported 216 nests. Mr. Logan J. Bennett, 
during the course of the duck studies, reported 21 nests. The remaining 
266 nests were found by the author and his wife, frequently assisted by 
Dr. Paul L. Errington and Miss Ruth Dudgeon, by means of direct search. 
Great care was taken throughout the field investigations to avoid 
causing desertion as a result of human tampering~ In general, until the 
hatch had come off or the nest had been destroyed or deserted, nests were 
approached to a spot not closer than five to ten feet, the concealing cover 
was not disturbed nor the eggs touched. In order not to attract the at-
tention of possible predators to the nest, the surrounding cover was not 
trampled or otherwise changed. Once a nest had been located, it was 
visited only often enough to insure establishment of the date of hatching, 
and care was taken not to flush the hen, if she was found on the nest. Of the 
503 nests studied, seven desertions have been attributed to the observer. 
For a further discussion of the technique of nest finding, the reader is re-
ferred to Errington (1932) . 
PLACING OF NESTS 
All of the nests studied have been closely associated with the ground 
level Some, placed in wind-drifted corn husks, for example, were a few 
inches above ground level; a few were placed in accidental hollows as 
deep as six inches. In most cases, the nest was in the form of a scooped 
out or natural depression, generally varying from one-fourth inch to one 
and one-half inches in depth, lined with whatever materials were at hand, 
such as grass, leaves, twigs, dead stalks of older growths. A few pheas-
ant feathers, in one case those of the cock, were often to be seen in the 
nest, whether as part of the lining or pulled out by accident could not be 
established. In a few instances, nests were not scooped out, but were 
placed flat on the ground. Some were on slight elevations, as a tussock in 
a marsh or other small local area raised a few inches above the surround-
ing level There seemed to be no favored direction of exposure or nest 
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opening, exposures and openings facing all of the points of the compass. 
Fence rows, roadsides and railroad right-of-ways; alfalfa, sweet clover and 
small grain fields; sloughs and marshes; pastures and meadows; woods, 
brush, farmyards, lake shores, ditch banks, gravel pit, waste ground, pot 
holes, corn fields, plowed ground and stubble served as nesting sites. 
The studies made in Iowa indicate that pheasants do not, as a gen-
eral rule, construct a roof over the nest. Of the 305 nests for which data 
on this point have been recorded, only two instances of actual roof con-
struction have been noted. Moreover, in the case of one of these-a nest 
placed in corn husks drifted against a fence-accident may have played 
a major part, as by the drifting of husks over the back of the incubating 
bird. A third nest, containing 18 pheasant and 12 quail eggs, had a par-
tially constructed roof, but in view of the known tendency of quail to 
built a protecting covering over the top of their nests (Stoddard, 1931, p. 
25; Errington, 1933, p. 123) it seems more reasonable to suppose that the 
quail, rather than the pheasant, was the roof builder. The eggs in this 
nest were not incubated. 
Nests were often placed in cover which afforded complete or partial 
concealment from above, as in tall, thick vegetation, under the fallen 
. dead tops of previous years' growths, or beneath a ball of tumbleweed 
caught under a fence. Many nests, however, were wholly without over-
topping cover of any sort. Plate I, figures A, B and C, are illustrative of 
the three groups of relative overhead concealment. In Plate I, figure D, 
is shown an incubating pheasant on a nest with slight overhead conceal-
ment. 
Table 1 presents the data on the success of nesting attempts in these 
three groups. It should be pointed out that nests found after the removal 
of cover by mowing or burning have not been included in the table, as it 
was not possible in such cases to determine whether or not overhead con-
cealment had been originally present. Because of the exclusion of such 
nests, the table probably does not represent the proportion of the three 
groups to all of the nests found. It does, however, show the relation of 
success to failure of 258 nests in undisturbed cover. The term "success" 
as aoplied to nesting attempts, means only that hatching occurred. The 
analysis of the hatch, concerned with the actual number of hatched eggs, 
infertile eggs and embryos dead in the shell, is treated in another section. 
TABLE 1. Relation of success to failure among nests wholly, partially, or not at all 
concealed above 
Wholly concealed Partially concealed Not at all concealed 
above above above 
No. No. Pctg. No. No. Pctg. No. No. Pctg. 
of of of 
Season nests hatched hatched nests hatched hatched nests hatched hatched 
1933 2 0 0.0 10 3 30.0 7 2 28.6 
1934 46 14 3o.4 37 9 24.3 39 14 35.8 
1935 12 5 41.6 72 15 20.8 33 5 15.2 
Average 31.6 22.7 26.5 
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At the close of the 1934 season, it seemed that nests in all three 
groups were about equally successful (Hamerstrom, 1935, p. 11), but 
the larger volume of data now in hand do not appear to point quite so 
strongly in that direction. 
In addition to recording the relative degree of overhead cover, an esti-
mate of the general concealment of nests was made wherever possible. 
The terms excellent, good, fair and poor were used, according to the ob-
server's opinion of the concealment value of the nesting cover. Plate I, 
figures A, B and C, illustrate excellent, good and fair concealment, re-
spectively, according to this system of classification. Table 2 is a sum-
mary of the data on 251 nests in undisturbed cover, and shows the per-
centage of success in cover judged to be excellent, good, fair and poor. 
TABLE 2. Percentage of success in cover judged to be excellent, good, fair and poor 
Concealment 
Excellent Good Fair Poor 
Nests Hatched Nests Hatched Nests Hatched Nests Hatched 
Season No. No. Pctg. No. No. Pctg. No. No. Pctg. No. No. Pctg. 
1933 4 1 25.0 10 5 50.0 8 3 37.5 4 2 50.0 
1934 34 8 23.5 26 8 30.7 16 4 25.0 38 14 36.8 
1935 37 13 35.1 25 5 20.0 17 2 11.8 42 4 9.5 
Aver-
age 29.3 29.5 22.0 26.4 
No relation has been observed between the nest site and the distance 
to trees and water. To illustrate the extremes, nests were found at the 
bases of trees and as much as 1,300 feet from the nearest tree; and, al-
though Bent (1932, p. 313) states that nests are rarely placed at any great 
distance from water, they were found at distances from six inches to 865 
yarqs from the nearest available supply. English (1933, p. 16) says, 
" ... the majority of nests were a mile or more from water." 
A consistent attempt has been made to evaluate the adequacy of the 
drainage of nest sites. The terms excellent, good, fair and poor were used 
to serve as a basis of comparison. A nest on high ground, and so placed 
as not to be in a puddle of water following a heavy rain, was considered 
excellently drained, while one in a spot which would collect water, or 
from which water would not drain away readily, was judged to be poorly 
placed in this respect. In the latter group were a number of nests, for the 
most part in sloughs or roadside ditches, placed on ground which in itself 
offered adequate drainage, but which, because of a rise in water level or 
the carrying off of a large volume of surface-run-off, would be flooded 
after even moderate rainfall. 
By giving the numerical values 1, 2, 3 and 4 to the four degrees of 
relative drainage, an average of 2.0, or good drainage, was obtained for 429 
nests over the three years of this study. The average figure was not the 
same for each year, however. In 1933, drainage averaged slightly below 
good (2.2); in 1934, slightly above fair (2.7); in 1935, half way between 
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good and excellent (1.5) . The low average for 1934 is perhaps accounted 
for by the drought, because much of the low ground was dry in the spring, 
offering nesting sites which were flooded by the early summer rains. Such 
losses are considered under the discussion of flooding as a cause of nest 
failure. 
The tendency of certain gallinaceous birds to place their nests with 
reference to edges of blocks of cover has been noted by a number of 
authors. Stoddard (1931, p. 21) states that over 74 per cent of the bob-
white nests studied were within 50 feet of roads, paths, edges of fields, or 
other openings. The Hungarian partridge shows a like preference for 
edges of cover, according to Yeatter (1934, p. 27), who found half of the 
TABLE 3. Placing of nests in blocks of fairly homogeneous cover 
Section One Section Two Section Three 
All data Alfalfa (1935) Jefferson Slough 
(exceptJefferson Slough) 
Dis- Intervals Intervals Intervals 
tance 
from 
fence 
No. nests Pctg. No. nests I Pctg. No. nests Pctg. 
or edge 25-ft. 50-ft. 50-ft. 25-ft. 50-ft. 50-ft. 25-ft. 100-ft. 100-ft. 
1-25 39 16 2 
26-50 44 83 54.2 25 41 54.7 4 
51-75 17 9 6 
76-100 18 35 22.9 12 21 28.0 9 21 42.9 
101-125 9 3 1 
126-150 12 21 13.7 6 9 12.0 3 
151-175 4 1 3 
176-200 3 7 4.6 2 3 4.0 3 10 20.4 
201-225 1 
226-250 over 4.6 1 
251-275 4 
276-300 2 8 16.3 
301-325 2 
326-350 2 
351-375 1 1 1 1 1.3 1 
376-400 1 6 12.2 
to 500 2 2 4.1 
to 600 2 2 2 2 4.1 
to 1500 4 4 
Total 153 153 100.0 75 75 100.0 49 49 100.0 
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hayfield nests in the outer 24 feet of the fields. Examination of English's 
(1933, p. 16) Michigan figures shows that slightly less than half (46.4 
per cent) of the nests in fields were within 50 feet, and two-thirds of the 
nests within 100 feet, of the nearest fence. 
The same apparent preference has been observed in the Iowa studies. 
Table 3 shows the placing of nests in relatively homogeneous blocks of 
cover. Nests found in alfalfa, sweet clover, small grains, and grass mead-
ows make up the greater part of the data, with the addition of a few from 
marshes. As this point concerns blocks of cover, rather than strips, those 
nests which were found in fencerows, roadsides, railroad right of ways, 
slough edges, and the like, have not been considered. 
To make the analysis more thorough, the table has been divided into 
three sections. Section one takes in all data except those from Jefferson 
Slough,8 and includes 153 nests. Seventy-five of these nests, found in 
alfalfa fields in 1935, have been separated out in section two because of 
their greater accuracy. These nests were paced off from the nearest 
fences. In the case of the other nests, distances were estimated. The 
nests found at Jefferson Slough are treated in section three. These nests 
were not included in section one because only a part (20 acres) of the 
100-acre slough was examined, and this part did not extend quite into the 
middle. The distances were taken from the accurately made map (fig. 1) 
which was made of the portion of the slough covered. The edge was con-
sidered to be the line between the round stemmed bulrush and the outer 
zone characterized by Hordeum jubatum, Iris virginica, Eupatorium per-
foliatum. This edge was plainly marked on the burned over ground, and 
showed a rather sharp transition from the heavy cover of the interior 
of the slough and the lighter, closely grazed periphery. 
Figure 1 is the map of Jefferson Slough already referred to, and fig-
ure 2 a sketch map of a small alfalfa field, to illustrate the placing of nests 
with regard to edges. 
~·-L-~---·--·--·---·-1·...,-i . . . . ,/ 
' ' l . . ,,..,,. ..... ,---.---.... .... , . . . . /1( 
\ .· /' . \' /I \ . I I / ~ 
\ lound·otcm llvll'U>h i • I / I f \ ·• (5-cirpu') j j ,/ 
! '2.eed~ I ,/ 
! (Ph"'Gmite• communl> J /' 
I ,,I 
' ! / \ . I / ·JEf'f'ERSON ' SLOUGH. \ ..  - ...  -·-·-........... /. I 
"-. / 
' . / _______________ ,,.--··<::.•~----------/ 
"·· .~-, I 
... '---·- .... "'' 
0 000 • 1: -" 
OCAC< 
• Pheasant Ne.st 
+ Duck. Nest 
----Edge of r>u11,.u5hc~ 
- ·-Edge o f. 12eed.s 
-~dge ~ Slough 
-·rencc 
Fig. 1. A map showing the placing of nests found at Jefferson Slough. The map was 
made after the removal of the cover by fire. 
• Also known as J emmerson Slough. 
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Fig. 2. A map showing the placing of nests in a two acre alfalia field. The map was 
made after the removal of the cover by mowing. 
Sections one and two of table 3 show a concentration of more than 
one-half of the nests within the first 50 feet, and over three-quarters in 
the first 100 feet, from the fence or other edge. There is a strong sug-
gestion in section three, however, that the width of the preferred edge 
zone may be proportional rather than absolute. Among the nests found 
at Jefferson Slough, the largest share came not in the first 50 feet, but 
in the first 100 feet. A rough similarity between the nest distribution 
curves is evident if the alfalfa field nests (section two) are grouped into 
50-foot intervals and the Jefferson Slough nests (section three) in 100-
foot intervals. This agreement seems all the more significant by the fact 
that the average of the several alfalfa fields in section two is 7.9 acres and 
the area of the examined part of Jefferson Slough which lies within the 
edge boundary is 16. 7 acres. 
In other words, there seems to be at least a possibility that some 
proportion of the depth of a field, rather than an absolute strip 50 or 100 
feet in depth, may offer the most preferred nesting cover. It may not be 
stretching the analogy too far to liken this tendency to the human custom 
of placing a house near the edge of a small block of land, and farther back 
in a larger one. 
NUMBER OF EGGS PER CLUTCH 
In the determination of size of clutch, the data used were those from 
nests in which incubation was known to have been begun, in order to 
exclude partial clutches which were destroyed or deserted before com-
pletion. So far as possible, clutches from wli.ich a few eggs had been re-
moved by predators have also been discarded. The averages for the three 
seasons were: 1933, 12.3 eggs, range 8 to 17; 1934, 10.l eggs, range 4 to 20; 
1935, 12.4, range 8 to 26; average for three seasons 11.2, range 4 to 26. 
The Michigan pheasant studies also show a var:iation in average size of 
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clutch with different seasons. English (1933, p. 7) gives the following 
figures: 1932, 11.8 eggs, and 1933, 10.9 eggs. Wight (1930, p. 224) adds 
an average for a third Michigan season, 11.3. Concerning P. colchicus 
torquatus in its native country, Beebe (1922, vol. III, p. 123) says, "Young 
hens may lay fewer eggs than those a year or two older, but the general 
number runs from 6to12." 
Clutches which were considered to represent so-called "dump nests," 
or the "compound sets" described by Stoddard for bob-whites (1931, 
p. 28), were found upon several occasions. The largest of these contained 
31 eggs, which were not incubated. Single eggs, apparently dropped at 
random, were frequently observed, particularly during the early spring. 
This tendency in bob-whites is mentioned by Stoddard (1931, p. 28), who 
considers such eggs to be indicative of nest destruction, or to occur be-
cause the hen could not reach her nest in time. Errington and Bennett 
1934, p. 254) commented upon the same carelessness with early duck 
eggs. Indeed, according to Leopold (1933, p. 366), "Single eggs are some-
times dropped at random by all game birds." 
Closely related, perhaps, to the random dropping of single eggs is 
the laying of one to several eggs in the nests of other ground nesting 
species, and vice versa. Pheasant eggs were found in partridge nests, 
duck nests, and in the nest of a king rail. In at least two instances, a 
single hatched pheasant egg was found in a clutch of hatched blue-wing 
teal eggs. On the other hand, both quail and partridge eggs were found 
in pheasant nests. One pheasant nest was taken over by a domestic goose, 
and another by a domestic chicken. 
During all three seasons it was found that clutches became smaller 
as the season advanced. Table 4 presents a tabular summary, by months, 
of this shrinkage in clutch size. 
The same fact has been observed in the case of other gallinaceous 
birds. A difference between early and late bob-white clutches is recorded 
by Stoddard (1931, p . 28), who attributes the difference to the "compound 
sets, which are found mainly before nesting cover becomes dense." Er-
TABLE 4. Decline .in average size ef clutch with advance of nesting season 
1933 1934 1935 
Laying Number Av. size Number Av. size Number Av. size 
began in of nests of clutch of nests of clutch of nests of clutch 
April 3 13.3 7 12.G 6 18.8 
May 10 12.5 20 10.9 21 12.3 
June 2 10.0 20 9.0 11 9.3 
July 6 8.3 2 10.5 
August 
September 1 8.0 
Total 15 54 40 
Av. for season 12.3 10.1 12.4 
NESTING HABITS OF RING-NECKED PHEASANT 181 
rington (1933, p. 125), however, speaks of the decrease as being progres-
sive for northern bob-whites. The Hungarian partridge, according to 
Yeatter (1934, p. 32), shows a similar decrease in size of clutch with the 
advance of the nesting season. 
During the 1935 season, three clutches were found in which some of 
the eggs were distinctly under normal size. One of these nests had been 
destroyed before it was found. In the case of the second, containing six 
small and two normal eggs, four of the small eggs hatched, one chick was 
dead at about 19 days, with the head at the wrong end of the shell, and one 
was dead at about 11 days. Neither of the normal sized eggs hatched, one 
being infertile, the other having developed only three days. The third 
clutch contained one small egg among 20 of normal size. The small egg was 
fertile but unembryonated, although 19 of the remaining 20 hatched. 
FERTILITY, VIABILITY AND HATCH 
It has been the practice, throughout this investigation, to open eggs 
remaining after the hatch or desertion of a clutch, in order to determine 
the number of eggs which were infertile or in which the embryo had not 
fully developed. In several cases one or more eggs were removed from 
the nest by unknown agencies before the hatch, and in a few instances 
the eggs remaining after the hatch were not examined. Table 5, based 
upon 64 hatched clutches for which the data are complete, plus one for 
which all of the eggs were known to be infertile, summarizes the data on 
fertility, viability, and hatch. 
Thirty-eight, or 58.4 per cent, of the 65 clutches in table 5 were made 
up entirely of fertile eggs. In only 24, or 36.9 per cent, however, did every 
egg hatch. Embryos dead in the shell varied from 0 to 62.5 per cent per 
clutch. In general, while fertility averaged over 90 per cent, wholly suc-
cessful clutches were not the rule, and most clutches contained one to 
several chicks which died before hatching. 
It was suspected. when only the data from 1933 and 1934 were avail-
able (Hamerstrom, 1935, p. 19), that the higher percentage of dead em-
brvos in 1934 might be attributable to drought conditions. The season of 
1935 was somewhat wetter than normal, and showed a still higher loss. 
Until more information is at hand for normal years, however, it seems 
best not to make definite conclusions on this score. 
Two cases of distinctly abnormal development were encountered 
among the embryos found dead in the shell. In both, development had 
TABLE 5. Tabular summary of fertility, viability and hatch 
Number Percentage 
Season Clutches Eggs Fertile Dead in shell Hatched 
1933 11 136 91.2 1.5 89.7 
1934 32 329 92.7 12.2 80.5 
1935 21 258 94.6 14.0 80.6 
Average 93.1 10.8 82.3 
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progressed to about the twenty-first day, stopping approximately at the 
point of inclusion of the yolk sac. One, which was preserved, has four 
legs, four wings, two sets of cervical vertebrae, one eye, and a laterally 
crossed bill. The second had a deformed mandible. 
COVER, DATES OF NESTING AND SUCCF.SS OF NESTING ATrEMPl'S 
Nests were found in a wide variety of cover types, but as it was not 
considered feasible to restrict the nest hunting to a circumscribed area, 
the relative number of nests for each type could not be determined. As 
an example of the former type of investigation, the reader is referred to 
English (1933). The following discussion of nesting cover is based upon 
cover types in which nests were found at different periods of spring and 
summer, and, as cover and laying dates are closely related, the two 
aspects of the problem are here considered together. 
Figures 3 and 4 are graphs showing the number of clutches begun 
during ten-day intervals in 1934 and 1935, respectively. The dotted line 
represents the most accurate data, from 62 nests in 1934 and 65 nests in 
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1935; the solid line, all data on this point, 102 nests in 1934 and 109 nests in 
1935. For the remaining nests it was impossible to establish the date of 
laying of the first egg. The data from 1933 are too scanty to permit graph-
ing. 
Comparison of the two graphs shows a double peak in the nesting 
curve for 1934, and a single peak in 1935. In the absence of sufficient data 
from normal years, it would perhaps be premature to make definite state-
ments at this time, but it may be suggested that the trough in the 1934 
curve may be attributed to the drought of that season, which was broken, 
in the region covered by this study, in early June. 
The earliest recorded laying dates were: 1933, April 25; 1934, before 
April 13; 1935, April 4. The latest recorded dates for the beginning of a 
clutch were: 1933, between June 25 and July 2; 1934, September 4; 1935, 
July 21. These figures show a nesting season extending from early April 
into September. An examination of the graphs, however, will indicate that 
the majority of nests were begun during April and May, in 1935, and April, 
May and early June in the probably less typical season of 1934. 
English (1933, p. 40) finds that "the majority of successful clutches 
were laid in April and May." Nest hunting in Iowa was discontinued in 
early August of all three seasons, because the few nests found after late 
July did not repay the time spent in searching for them. That nesting strag-
gles on through July, August and September is indicated by Wight's state-
ment (1930, p. 224), "Nesting occurred over a period of at least five months, 
April to September, inclusive," by occasional reports, late in the season, 
that broods no more than a few days old had been seen, and by the record 
of a nest known to have been begun in September. 
A discussion by months of the types of cover in which nests were 
found is hampered by the fact that vegetative growth is not governed by 
calendar dates, but may vary by as much as several weeks from season to 
season. As pointed out by Leopold (1933, p. 165) , a strictly phenological 
table wo_uld be of more accuracy than an adherence to months and dates 
in the examination of nesting data. Although the first two seasons differed 
considerably from the last in precipitation, temperature and correlated 
plant growth, some generalizations may be made concerning the phenol-
ogy of pheasant nesting, while still holding to a monthly basis of com-
parison. 
Early spring cover was almost entirely confined to the dead tops of 
the vegetation of preceding years, and included such cover plants as 
grasses and sedges; stalks of goldenrod, aster, sunflower, sweet clover, and 
other fairly stout-stemmed herbaceous plans; wind-drifted corn husks 
and leaves of trees, and the like. April nests were found almost exclu-
sively in such material, which was available, if not previously removed 
by grazing, mowing and burning, in the following cover types: fencerows, 
roadsides, railroad right of ways, slough edges, stubble fields, woodlots, 
lake shores, gravel pits and other odd corners, and farmyards. The con-
cealment afforded these early nests by the cover in which they were 
placed varied from excellent to none at all. A few nests were found on 
absolutely bare fall-plowed fields, when good cover was available within 
a hundred yards or so. 
May brings a tremendous increase in available cover. The new 
growth of grasses, sedges and other herbaceous plants adds to the value 
0 f the cover types already in use and offers new locations, and the appear-
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ance of alfalfa introduces a new and very attractive type of cover. Pas-
tures, generally without much cover value in early spring because of too 
close grazing during the preceding fall, in late April and early May be-
gin to contribute suitable nesting sites. The leafing out of brushy species 
during the same period offers a new cover type, but one which, on the 
basis of evidence to date, is not utilized to any great extent. 
In June, in addition to the preceding cover types, fields of small grains 
become available. Upon three occasions, at least, cornfields were used 
for nesting before the final cultivation. The first mowing of alfalfa gen-
erally occurs during this month, resulting in the destruction of many 
nests and the removal of a large area of nesting cover. Some of the nests 
made in the small grains at this time probably represent renesting at-
tempts following such destruction, although Wight (1930, p. 223) has evi-
dence, based upon examination of ovaries, that some hens regularly nest 
much later than others. 
During July, no new cover type of major importance appears, but the 
month has importance from the standpoint of cover in that the second 
cutting of alfalfa and the harvesting of small grains interrupts nesting 
again. There may aim be a considerable amount of mowing in the grass 
meadows and sloughs. The interval between the time at which the second 
growth of alfalfa is suitable for nesting and the second cutting is generally 
too short to permit the hatching of a brood, but nests begun early enough 
in the small grains have a good chance to hatch before the harvest. Nests 
begun later, however, may be destroyed. 
The foregoing consideration of cover types has been admittedly very 
general. A complete list of the plant species involved would be of little 
interest, but a review of the more important species may have some value. 
In a few in.stances, such as oats and alfalfa. the common names were con-
sidered sufficiently diagnostic, but the author's knowledge of systematic 
botany was not always adequate to identify to the species plants not in 
bloom, grazed down or otherwise injured, dead, or those belonging in 
particularly difficult genera. , 
The most convenient method of presentation is according to the situ-
ations in which nests were found. For the sake of brevity, these locations 
will be grouped into several major types, with a discussion of the most 
important plant species of each. 
Sloughs, marshes and pot holes, because of the essential similarity of 
the plant associations in the parts utilized for nesting cover, are considered 
to belong in one grouping. In general, only the edges were found to be 
dry enough for nesting purposes. The vegetation of this peripheral as-
socies is quite definite, in most cases, and is characterized by: grasses-
Hordeum jubatum, Calamagrostis canadensis, C. inexpansa, Poa, spp., and 
patches of Spartina pectinata; sedges-Carex spp., and probably others; 
such herbaceous plants as Acorus Calamus, Iris virginica, Stachys palus-
tris, Lycopus rubellus, L. americanus, Mentha canadensis var. arvensis, 
and other mints, Ambrosia artemisiifolia, Eupatorium perfoliatum, and in 
dryer locations, Solidaqo canadensts and other goldenrods, Aster sp. Wil-
lows are sometimes found in conjunction with slough edges. In one in-
stance, at Jefferson Slough, the entire area of the slough was dry, and 
nests were found in the round-stemmed bulrush (Scirpus spp.) and reed 
(Phragmites communis) rather than in the edge zone. 
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At the close of the 1934 season, more nests, on a per acre basis, had 
been found in the slough, marsh and pot hole type of cover than in any . 
other. It was believed at that time (Hamerstrom, 1935, p. 25) that a 
preference for such cover was indicated. While this type of cover in 1934 
gave the best returns for time spent in nest hunting, in 1935 it gave the 
least. Careful search of the very sloughs which had been so productive 
the season before yielded but a very few nests. Although the latter season 
was much wetter than the former, the edge zone appeared to be no less 
available for nesting, and to human eyes, at least, seemed to offer even 
better cover. It may be that pheasants prefer other cover or higher 
ground, but were forced into the sloughs in 1934 because there were few 
other places offering adequate concealment. It is quite plain that in the 
season of 1934, through drought and the resultant grazing down of almost 
every spear of vegetation, there was very little cover along roadsides and 
fencerows and in other locations. In 1935, however, there was an abun-
dance of cover everywhere, and a definitely greater number of situations 
from which to choose. 
In this type of cover 147 nests have been under observation, 142 in 
sloughs and marshes and 5 in pot holes. In calculating the percentage of 
success for nests in this type of cover, 51 nests found at Jefferson Slough, 
Dickinson County, have been excluded. This slough, in a vicinity not 
regularly covered in the nest studies, was visited only after the cover had 
been removed by fire, for the purpose of mapping the nests so exposed. 
As the number of nests destroyed there was so large, and as the incidence 
of marsh fires in the region under observation was so low, it seems that 
inclusion of these figures would introduce an error of considerable size. 
One other slough nest, found in 1933 and not revisited, has also been 
eliminated, since success or failure was not determined. On the basis of 
the remaining 95 nests in the slough, marsh and pot hole cover, 17, or 17.8 
per cent, were successful. Plate II, figure A, is illustrative of nests in this 
type of cover. 
From the rich variety of vegetation to be found in roadside, fencerow 
and railroad right of way cover, it is almost impossible to sift out those 
species which are most characteristic, or which may be said to be of most 
value as nesting cover. The plants most commonly encountered as major 
constituents of nest cover were: grasses-Poa pratensis, the most fre-
quently used, but also the most commonly encountered in many locations, 
wind-drifted com husks, Spartina pectinata, Phleum pratense, Agrostis 
alba, Setaria lutescens, S. viridis, Hordeum jubatum, Stipa spartea, 
Elymus sp., Eragrostis sp., Agropyron smithii, A. repens, Panicum vir-
gatum. In many instances, due to the author's lack of familiarity with 
this group during the first two seasons, no identification was made. Forbs: 
dead balls of Amaranthus graecizans, Rosa spp., escaped alfalfa and sweet 
clover, Lathyrus venosus, Rumex sp., Convolvulus sepium, Solidaqo spp., 
Aster spp., Lepachys pinnata-often noted in 1934-and other sunflowers, 
Silphium perfoliatum, S. laciniatum, "weeds." In this type of cover 134 
nests have been found, 71 along roadsides, 35 in fencerows, and 28 in rail-
road right of ways. A roadside nest is illustrated by Plate II, figure B. 
Percentages of success were: roadside, 27.5 per cent; fencerow, 20.6 
per cent; railroad, 35.7 per cent. The data are suggestive that width of 
cover strip, in this cover type, may be associated with hatching success. 
Thus, the railroad right of way, the widest of the three, shows the highest 
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percentage of success; fencerows, which are the narrowest, contained the 
least number of successful nests, and roadsides, of intermediate width, 
show intermediate success. As these strips of cover serve as avenues of 
travel for ground predators, with fenceposts as convenient lookout points 
for crows and hawks, it !night be reasonable to suppose that the wider the 
strip, the fewer the chances that hen or eggs would be noticed by predators 
or disturbed by man. It must be admitted, however, that the cover along 
a railroad right of way, although subject to burning, is less apt to be dis-
turbed than that along a roadside or fencerow. 
So much has already been written concerning alfalfa and small grain 
fields as nesting sites for mid-western game birds that little remains to be 
said here. It is a matter of common knowledge that most nests placed in 
fields of alfalfa and sweet clover are destroyed or deserted, with the 
killing of a number of birds which do not flush in time to avoid the sickle 
bar, and that the harvesting of the small grains has the same result, al-
though to a lesser extent. 
Nests observed in alfalfa fields numbered 111, of which 13.6 per cent 
hatched. One of these nests was mowed over at the time of hatching. 
English's figures (1933, p. 29) over a two-year period show that 15.2 per 
cent of nests in "hayfields" were brought to a successful conclusion. In 
four cases, among the Iowa nests, a patch of uncut alfalfa was left about 
the nest, but only one bird returned to hatch her clutch. One of these 
nests, however, was deserted because of the observer's attentions. Nine 
birds returned to their nests after they had been cut over; one, under the 
protection of a forkful of hay, incubated a clutch of infertile eggs for more 
than 30 days before giving up; another, whose nest was mowed over on 
June 21, 1934, was observed on the nest through July 10, during which 
period one of the four eggs of the clutch was destroyed. On July 15 the 
remaining three eggs were found to have been broken. The eggs in six 
nests disappeared within a few days after mowing. One of these nine 
nests hatched. According to the reports of farmers in the fields under ob-
servation, eight adults were killed outright by mowing machines, and two 
were crippled, one of which, having lost both legs, surely died later. Two 
more hens were struck, but the extent of their injuries could not be de-
termined. An unknown number of juveniles, one from each of two fields, 
and "several," according to the mower, in another, were killed by mow-
ing in the alfalfa fields under observation. 
Nest losses in alfalfa fields have unquestionably been high, totalling 
86.4 per cent. It might not be amiss, however, to point out that in all other 
cover types for which the data are not at all extensive, less conspicuous but 
nevertheless important losses occur, in every case over 50 per cent. Also, 
not all of the failures in alfalfa were caused by mowing. In 1935, for ex-
ample, at least 11, or 14.0 per cent, of the 79 nests found in alfalfa were 
known to have been deserted before mowing was begun. 
Five nests, one of which hatched, were found in sweet clover fields. 
A strip of uncut clover was left around one nest, and the rest of the field 
plowed under. Although the hen returned to her nest, the eggs disap-
peared within a few days. One bird was struck by the mowing machine. 
It appears at present that small grain fields are utilized for nesting to 
a lesser extent than is generally supposed. As but few nests were found, 
a particular effort was made to obtain data on this point. Fields totalling 
130 acres were carefully combed for nests, resulting in the finding of but 
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three by this method. Cooperators of proved interest and ability were 
asked to watch carefully during the cutting and shocking, and to mark 
the site of any nests found. By this means three nests in 120 acres were 
discovered. Other farmers, in fields totalling 265 acres, were specifically 
asked to report any nests, no matter how few, but reported none. A gen-
eral request for information was published each week in the Ruthven 
Free Press, and was productive of thirteen. In view of the willingness to 
cooperate which was shown by the farmers of the vicinity, it would seem 
that there actually were not many nests in the small grains. 
Complete data are not at hand for two of the 19 nests in this type of 
cover. Of the remaining 17, 8, or 41.7 per cent, hatched. Four birds re-
turned after the cutting, one to hatch her clutch, and one to lose her eggs 
a few at a time. The other two nests were not revisited. Two hens were 
struck by the reaper. 
Most slough edges in the region under observation are pastured; 
hence, most slough edge nests are, strictly speaking, pasture nests. How-
ever, because of the distinct differences between the vegetation of slough 
and marsh edges and the higher meadows farther back, where such exist, 
the term "pasture" is here used to refer only to the grassy portion and to 
pastures not associated with sloughs and marshes. By the same token, 
"pasture" is actually grass meadow, but again it is advisable to employ 
differentiating terms, this time to distinguish between meadows which are 
grazed and those cut for hay. "Grass meadow" refers to the latter situ-
ation, and includes one or two nests in meadows which were not cut. 
Plate II, figure C, illustrates a grass meadow nest. 
Twenty-three nests were found in grassy locations of the pasture and 
grass meadow type, 6 in pastures, 17 in meadows. These nests were placed 
in the following cover: Poa pratensis, Setaria lutescens, S. viridis, Phleum 
pratense, Agrostis alba, Agropyron pauciflorum, Hordeum jubatum, Am-
brosia artemisiifolia, Solidaqo spp., in various combinations. Seven, or 
30.4 per cent, of these nests hatched, 5 in a pasture, 2 in a meadow. After 
the mowing, one hen returned to lay another egg, but the entire clutch 
subseauently disappeared. Two were struck by the mowing machine. 
Pheasants do nest in woods, as attested by Errington (1923), who 
found ei!!ht nests in three davs while insnecting tree claims in Moody 
County, South Dakota; by Wight (1930, p. 223), English (1933, p. 18) and 
the twelve woods nests found during the Iowa studies. On the other hand, 
judging by the number of wooded areas in which careful search disclosed 
no nests, the author is inclined to agree with Wight's statement (1933, 
p. 7) that pheasants find other locations more attractive. 
The type and effectiveness of cover varied E!reatly among the Iowa 
woods nests. Two were placed on ground which had no understory of 
vegetation in which to hide the nest. The concealment of the others was 
afforded by St1mnhor•caroos occ?dentalis, Ribes americanum, tree seed-
lings, trimmed and fallen branches, Elymus sp., Poa pratensis, Hydrophyl-
lum virainianum; and less frequentlv. Nepeta Cataria. Verbascum Thap-
sus, Galium sp., Chenopodium sp. Nests were found in several sorts of 
wooded areas. Four were in woodlots made uo of various deciduous trees, 
including one largely of oak (Quercus spp.), three in mixed maple 
(Acer sp.) box elder (Acer negundo), linden (Tilia americana), and cot-
tonwood (Populus deltoides). Three were in oak-hickory (Quercus 
spp.-Carya ovata) woods associated with sloughs; two on an oak-hickory 
NESTING HABITS OF RING-NECKED PHEASANT 189 
(Quercus spp.-Carya ovata) hillside with a fair interspersion of maple 
(Acer nigrum), linden (Tilia americana), and ironwood (Ostrya virgini-
ana) ; one each in river bottom woods, made up largely of elm (Ulmus 
americana) and ash (Fraxinus lanceolata), and a wild plum (Prunus sp.) 
and haw (Crataegus sp.) thicket. One nest, found in an apple orchard, 
has been included with the woods nests. Five, or 41.7 per cent, of the 
woods nests hatched. 
Comparatively few brushy areas are to be found in the part of Iowa 
in which this study has been conducted, and this type of cover also has 
been used but little by nesting pheasants. Ten nests were found in brushy 
cover, not including two woods nests which were also associated with 
brush. In the case of seven, Symphoricarpos occidentalis was the major 
cover species, with an understory of Poa pratensis. One of these nests was 
concealed by Ribes americanum as well. Brushpiles, one in a patch of 
Rhus glabra, harbored two nests. The tenth was in a mixture of Rubus sp., 
Symphoricarpos occidentalis, Muhlenbergia sp., leaves and twigs. Two 
nests, or 20.0 per cent, hatched. Plate II, figure D, is a photograph of a nest 
in brushy cover. 
Forty-one nests were observed in locations which were considered, 
on the basis of the number of examples of each, to be of a miscellaneous 
nature. Further work may remove any or all of these locations from the 
present grouping. Ditch banks, for example, perhaps should be classed 
with roadsides, fencerows and railroad right of ways, as all four are rather 
similar in cover characteristics; but as only three nests have been found 
to date along ditches, judgment is suspended. Cover for these nests was 
Poa pratensis, corn husks, dead stalks of Xanthium sp. and Ambrosia 
trifida. None of these nests hatched. Farmyards were chosen as the sites 
of eight nests. As all of these were reported by the landholders, it may 
be that most of the nests so placed were discovered, indicating a low rela-
tive importance: or, as four of these nests were begun in April and two 
before the middle of May, it may be that farmyards represent an important 
item in the spring cover. Cover utilized was: unidentified grass, Oxy-
baphus nyctagineus, Amaranthus sp., Arctium sp., Ambrosia trifida, culti-
vated strawberry, raspberry, rhubarb and gooseberry. Two, or 25.0 per 
cent, hatched. 
Wasteland, because there is so little of it in northwest Iowa, is placed 
in the miscellaneous category. Five nests were found in odd corners, 
placed in Poa pratensis, Stipa spartea, Andropogon sp., other grasses, 
Thalictrum so., Sviraea sp., Solidago sp., Ambrosia trifida, Lactuca sp., 
escaped alfalfa and weeds. One, or 20.0 per cent, hatched. 
Four nests were found in gravel pits. Three of these were beneath 
dead sweet clover tangles, one in a thin stand of Poa pratensis. One, or 
25.0 per cent, hatched. Four nests had been made along lake shores, in 
Poa sp. and weeds, dead stalks of Scirpus fluvilatilis, Poa pratensis and 
Bromus tectorum, dead sweet clover, Solidago sp. One, or 25.0 per cent, 
hatched. One nest, in dead stalks of Ambrosia trifida along a creek bank, 
did not hatch. 
A few nests were reported in stubble fields. Two of these were in 
corn stubble, Setaria lutescens and S . viridis, two in sweet clover stubble, 
and one in alfalfa stubble. Only one hatched (20.0 per cent), and that 
after half of the eggs had been broken and every vestige of cover removed 
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by cultivating. In 1934, three nests were reported by farmers who had 
found them while cultivating corn. Whether this was another reflection 
of the general shortage of suitable cover which was so evident that sea-
son, or whether a few nests are regularly placed in cornfields cannot be 
stated at this timE!. All three nests were at the base of hills of corn. One 
was hidden only by the growing corn, which leaned over it; two were 
between the corn and plants a few inches away, in one case Asclepias sp., 
in the other, Polygonum coccinea. All three hatched. Five nests were 
placed on fall-plowed ground without any concealing cover. One, or 20.0 
per cent, hatched. Three nests, of which two (66.6 per cent) hatched, were 
reported from unspecified situations. Cover for these nests was: Poa sp., 
Elymus sp. 
Although the relative number of nests from each type of cover has 
not been determined, the summary (table 6) of the data on success of 
nesting attempts in the various types may have some value. With the ex-
ception of the 51 nests at Jefferson Slough, for reasons already noted, and 
the 7 nests for which the data are incomplete, all of the nests encountered 
in the study are included in this table. 
In order to make the exposition as complete as possible, a similar 
table (table 7) has been prepared for live nests only; that is, only those 
nests in which egg laying or incubation was known to have been going on 
during the period of observation. Since it was not known how many nests 
in alfalfa, sweet clover and small grains were live nests at the time of 
cutting, all figures from these cover types have been excluded. 
It will be noticed that in neither table is there any cover type, for 
which data are extensive, which showed a very high percentage of success. 
According to these figures, 342, or 76.9 per cent, of the nesting at-
tempts summarized in table 6 were unsuccessful. While this figure is not 
absolutely representative for the region, since the investigation was con-
ducted on a quantitative basis, rather than consisting in the combing of 
a definite area, the high rate of failure for each of the important types of 
nesting cover indicates that it is a fairly close approximation of the situa-
tion. It is possible that nests found by the author would be those most 
easily found by predators, and therefore those most subject to disturb-
ance. The relatively low loss attributed to predators, and the thorough-
ness of the nest hunting methods, however, may indicate that such is not 
the case. 
In attempting to evaluate causes of nest destruction or desertion, 
greatest caution has been observed. Where the evidence was not clear, 
it was preferred to designate cause of failure as "unexplained," rather than 
to make poorly founded judgment. A consistent effort has been made to 
differentiate between primary and secondary nest disturbance, and to deal 
only with the former. 
More nest failures have been traced directly to man's activities than 
to any other single agency. The destruction of 179, or 40.2 per cent, of the 
nests under observation were accounted for by man and his agricultural 
practices. Even if the 62 failures which could not be diagnosed were laid 
to any other single agent, or were lumped with general predation, man 
would still head the list. Losses caused by man, which comprise 52.3 per 
cent of all failures, may be sub-divided into several groups. 
One hundred two nests were destroyed or caused to be abandoned 
by mowing; namely, 82, or 74.5 per cent, of the nests placed in alfalfa; 4, or 
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TABLE 6. Success of nesting attempts in different types of cover-all nests 
Number of nests Number hatched Percentage hatched 
Cover To- To-
19331 type 1933 1934 1935 tal 1933 1934 1935 tal 1934 1935 Ave. 
Slough, 
Marsh and 3 73 19 95 2 11 4 17 66.6 15.1 21.1 17.8 
Pot hole 
Roadside 14 16 39 69 3 7 9 19 21.4 43.8 23.1 27.5 
Fencerow 3 11 20 34 1 3 3 7 33.3 27.3 15.0 20.6 
R.R. right 
of way 2 6 20 28 2 2 6 10 100.0 33.3 30.0 35.7 
Alfalfa 9 22 79 110 2 5 8 15 22.2 22.7 10.l 13.6 
Sweet cl'v'r 0 4 2 6 - 0 1 1 - 0.0 50.0 16.7 
SmallGr'ns 0 9 8 17 - 3 5 8 - 33.3 62.5 47.1 
Pasture 
and Grass 2 7 14 23 0 2 5 7 0.0 28.6 35.7 36.4 
Meadow 
Woods 2 4 6 12 2 2 1 5 100.0 50.0 16.7 41.7 
Brush 1 5 4 10 0 2 0 2 0.0 40.0 0.0 20.0 
Misc. 
Farmyard 0 4 4 8 - 1 1 2 - 25.0 25.0 25.0 
Wasteland 3 0 2 5 1 - 0 1 33.3 - 0.0 20.0 
Stubble 0 1 4 5 - 1 0 1 - 100.0 0.0 20.0 
Plowedf'ld 0 0 5 5 - - 1 1 - - 20.0 20.0 
Lake shore 1 2 1 4 0 1 0 1 0.0 50.0 0.0 25.0 
Gravel pit 1 0 3 4 1 - 0 1 100.0 - 0.0 25.0 
Cornfield 0 3 0 3 - 3 - 3 - 100.0 - 100.0 
Ditch bank 1 1 1 3 0 0 0 0 0.0 0.0 0.0 0.0 
Unspecified 2 1 0 3 1 1 - 2 50.0 100.0 - 66.7 
Creek bank 0 0 1 1 - - 0 0 - - 0.0 0.0 
All Nests 44 169 232 445 15 44 44 103 34.1 26.0 19.0 23.1 
Live Nests 17 54 68 139 5 22 25 52. 29.4 40.7 36.7 37.4 
80.0 per cent, of the nests in sweet clover; 7, or 41.2 per cent, of the nests 
in grass meadows; 2, or 2.1 per cent, of those in sloughs; 4, or 5.8 per cent, 
of those along roadsides; 2, or 5.8 per cent, of fencerow nests; 1, or 20.0 
per cent, of those in waste ground. Eleven hens were known to have been 
killed and three injured by the mowing machine in connection with the 
destruction of these nests. Instances of pheasants returning to their nests 
after the cutting of alialfa have already been referred to. Similarly, six 
hens returned to roadside nests which had been mowed over; four of these 
hatched, and the outcome of one is unknown. 
The harvest caused the failure of 9, or 52.9 per cent, of the nests ob-
served in small grain fields. One incubating pheasant was killed by the 
reaper. In the absence of more extensive data on nests in this type of 
cover, it might be of value to quote English (1933, p. 29): "Only rarely 
would a pheasant nest be destroyed in a grain field by the actual process 
of harvesting the grain, because by this time most clutches have come off 
safely." · 
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TABLE 7. Success of nesting attempts in different types of cover-live nests only 
Number of Nests Number Hatched Pctg. 
Hatched 
Cover To- I To-Type 1933 1934 1935 tal 1933 1934 1935 tal 1933-35 
Slough, Marsh 
and Pot hole 2 26 7 35 1 6 3 10 28.6 
Roadside 7 8 20 35 1 5 
I 
8 14 40.0 
Fencerow 1 4 9 14 0 2 3 5 35.7 
Railroad right of way 0 2 12 14 - 0 6 6 42.9 
Alfalfa I Sweet Clover 
Small Grains I 
Pasture and I Grass Meadow 2 4 3 9 0 1 2 3 33.3 
Woods 0 0 3 3 - - I 1 1 33.3 
Brush 0 2 2 4 - 2 0 2 50.0 
Miscellaneous 
Farmyard 0 3 3 6 - 1 1 2 33.3 
Wasteland 1 0 1 2 1 - 0 1 50.0 
Stubble 0 1 0 1 - 1 - 1 100.0 
Plowed field 0 0 4 4 - - 1 1 25.0 
Lake shore 1 1 0 2 0 1 - 1 50.0 
Gravel pit 1 0 2 3 1 - 0 1 33.3 
Cornfield 0 3 0 3 - 3 - 3 lOIU 
Ditch bank 0 0 1 1 - - 0 0 0.0 
Unspecfied 2 0 0 2 1 - - 1 50.0 
Creek bank 0 0 1 1 - - 0 0 0.0 
Total-Number 17 54 68 139 5 22 25 52 37.4 
Average-
1 36.7 37.4 Percentage 29.4 40.7 
Fire destroyed 13 nests, all in slough cover, in the region included 
in this investigation. These nests represent 13.7 per cent of the nests 
placed in sloughs, and were all destroyed as the result of carelessness. 
One cock pheasant, one cottontail, a toad, and many turtles were killed 
in this fire. The burning of Jefferson Slough, although not considered in 
the quantitative data, is illustrative of the damage to wildlife caused by 
uncontrolled burning. The whole slough, 100 acres in extent, was burned 
over by a fire which got out of hand nearby. Only 20 acres were exam-
ined. as the work was brought to a conclusion by a heavy rain which 
flooded the area. The toll recorded was: destruction of 51 pheasant nests 
and one teal nest, killing of four pheasants, one duck (teal?), one musk-
rat and one small bird which could not be identified. 
Domestic animals have had a fair share in the destruction of nests, 
accounting for 28. The practice of turning out cattle and sheep to graze 
on almost every piece of ground, including roadsides and fencerows, not 
otherwise directly utilized in farming operations resulted in the failure 
of 24 nests. The most usual cause of failure was the removal of nest cover, 
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thus exposing nests to whatever egg hunters should happen to pass by. 
Occasionally, eggs were broken by trampling. Seven nests, deserted be-
cause of grazing or trampling, were placed in slough cover, 7 along road-
sides, 5 in fencerows, one each in alfalfa, pasture, lake shore sedges, rail-
road right of way, and orchard. Hogs, rooting in a woodlot, destroyed one 
nest; a domestic goose took over one nest in an alfalfa field; a farmer's dog 
ate the eggs in one alfalfa field nest; and one bird was driven from her 
farmyard nest by a house cat. 
The major items above dp not exhaust the list of man's destructive 
influences. Nest failures were brought about by such activities as: plow-
ing, 4; cultivating, 1; dock digging along roadsides, 2; cutting thistle in a 
pasture, 1; blasting and woodcutting, 1; two nests, one in a slough and 
one in a fencerow, were stepped in; one was placed too close to a summer 
cottage; in 5 cases, nesting birds were disturbed too many times by curi-
ous people; one hen was caused to desert by the burning of a large pile of 
brush within a few feet of her nest. Desertions of 7 nests were traced to 
the author: 3 in slough cover; one each in a pot hole, roadside, railroad 
right of way; one, before mowing, in an alfalfa field. Two clutches were 
taken by farmers and placed under domestic chickens. 
To predators may be accounted the loss of 66 nests. representing 14.8 
per cent of the nests regularly under observation, or 19.3 per cent of all 
failures. Although it was not always possible to identify the nest robber, 
it was often evident, in such cases, that predation rather than some other 
agency was responsible. In 19 instances it was plain that some predator, 
rather than anything else, had been the cause of nest failure, but it was 
not possible to be more specific. 
Direct destruction of 28 nests was attributed to crows. The secondary 
depredation of nests from which cover had been removed by mowing, 
grazing, or some other factor, is not included in this figure. Such losses 
have been charged to the primary agent. Nests robbed by crows were 
placed in the following types of cover: slough, 9; pot hole, 1; fencerow, 5; 
railroad right of way, 4; roadside, 3; brush, 2; wasteland, lakeshore, woods 
and ditch banks. 1 each. 
In other words, of all the nest failures over the three seasons of this 
investigation, only 8.2 per cent have been traced to crows. This figure 
does not support the almost universal condemnation of the crow as a rob-
ber of pheasant nests, and seems particularly suggestive when compared 
with the losses brought about by man. 
To predatory mammals have been traced the destruction of 19 nests: 
ground squirrel (largely Citellus franklini, perhaps also C. tridecemline-
atus) 6, one each in waste ground, gravel pit and brush, 3 in railroad right 
of ways; badger, one roadside nest; skunk, one nest in brush; coyote or 
dog (probably coyote), one slough edge nest; cat or fox, one roadside nest; 
unidentified small mammal, 8 nests, one each in fencerow, pasture, ditch 
bank, railroad, grass meadow, roadside, slough and alfalfa; unidentified 
large mammal (probably man or dog), one roadside nest. Losses attrib-
uted to mammalian predators constitute 5.6 per cent of all failures. 
Few instances of adult mortality were traced to predators during the 
nesting season. Whether or not this fact has any relation to Errington's 
(1934) theory of population vulnerability, which indicates that adult bob-
whites well within the carrying capacity of their winter environment may 
TABLE 8. A table showing the total number and percentage of nest losses attributed to each cause of failure 
Number of nests in: 
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Man 179 52.3 L 
Mowing 102 29.8 2 4 2 86 7 1 
Harvesting 9 2.6 9 
Burning 13 3.8 13 
Grazing animals 24 7.1 7 7 5 1 1 1 1 1 
Hogs 1 0.3 1 
Dog 1 0.3 1 
Cat 1 0.3 1 
Domestic goose 1 0.3 1 
Plowing 4 1.1 1 3 
Miscellaneous 16 4.7 1 6 2 1 1 2 1 1 1 
Observations of this 
study 7 2.1 4 1 1 1 
Predators I 66 19.3 I ,_ 
-Crow 28 8.2 10 3 5 4 1 2 1 1 1 
Ground squirrel 6 1.8 3 1 1 1 
Badger 1 
~· 
0.3 1 I 
Skunk 1 0.3 1 
Coyote or dog 1 0.3 1 
Cat or fox 1 0.3 1 I 
Small mammal 8 2.3 1 1 1 1 1 2 1 
Large mammal 1 0.3 1 
-
Unidentified 19 5.5 5 3 2 2 1 2 1 1 1 1 
--
-~ ....._ 
Pheasants 12 3.5 
..___ 
-Site unattractive 7 2.1 2 3 2 
Dump nest 4 1.2 4 
All eggs infertile 1 0.3 1 
Flooding 20 5.8 15 3 1 1 I 
No cover I 3 .9 3 
1 3:: 
------ -
Unexplained 18.1 17 12 7 5 7 3 4 3 2 1 1 
Total 99.9 78 50 27 18 100 9 16 7 8 6 4 4 4 3 3 0 3 1 1 
Hatched 103 17 19 7 10 16 8 7 5 2 2 1 1 1 1 1 3 0 2 0 
Data incomplete 58* •52 2 1 1 2 
Total-All nests 503 147 71 35 28 117 19 23 12 10 8 5 5 5 4 4 ;} 3 3 1 
• See discussion of Slough, Marsh and Pot Hole cover. 
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enjoy a relative security from enemies, is not known. Three pheasants 
were killed on the nest, one by a cat or fox, one by a coyote or dog, and 
one by an unidentified predator. Evidence indicated that 4 others had been 
attacked while on the nest by unidentified predators, but that they might 
have escaped. How many nest failures were caused by the killing of the 
hen pheasant away from the nest could not be determined. One cock 
bird_, found within 25 feet of two occupied nests, had been killed under 
conditions which pointed strongly toward mink as the predator. 
In 12 instances, there were observed nest failures which seemed defi-
nitely attributable to the pheasants themselves, rather than to outside in-
fluences. Both Stoddard (1931, p. 24) and Yeatter (1934, p. 28), writing 
of bob-whites and Hungarian partridges, respectively, remarked upon the 
fact that nests were begun which were later abandoned because the site 
did not prove wholly satisfactory to the nest builders. Seven pheasant 
nests which were taken to represent such nests were found, six of which 
contained a single egg. The seventh nest, containing 22 eggs, was found 
in a fencerow location which offered no concealment whatever. This nest 
was deserted, presumably because the site was unsatisfactory. Four 
clutches appeared to represent "compound sets" or dump nests. In the 
case of one nest, which was incubated for a period in excess of thirty days, 
all of the eggs were infertile. These 12 nests comprise 2. 7 per cent of the 
nests regularly under observation, or 3.5 per cent of those which failed to 
hatch. 
In the discussion of nest drainage it was shown that pheasant nests 
were not infrequently poorly placed in this regard. A number of nests 
hatched, during the dry weather, in locations which did not offer adequate 
drainage. Twenty, however, were destroyed by flooding following rains. 
Fifteen of these, 14 in slough cover and one in a pot hole, were submerged 
by a rise of water level, while 5, of which 3 were in roadside ditches, one 
in a fencerow and one along a railroad, were destroyed by a heavy fl.ow of 
accumulated surface run-off, in the channel of which the nests were 
placed. Flooding accounted for the failure of 4.5 per cent of the nests 
under observation, or 5.8 per cent of those which did not hatch. It might 
be added that the locations of the 51 .nests at Jefferson Slou~h, not con-
sidered in the discussion above, were flooded by heavy rains shortly after 
the fire. 
Three nests, placed upon absolutely bare plowed ground, were de-
stroyed by unknown predators, but it would seem that the vulnerability 
of the nest site, rather than the particular genius of the animal which 
removed the eggs, was the essential cause of failure. 
Cause of desertion or destruction could not be diagnosed for 62 nests, 
comprising 13.9 per cent of all nests studied, or 18.1 per cent of those 
which did not hatch. Some-perhaps a large proportion-almost un-
doubtedly represent nests which were begun and abandoned in favor of 
more attractive sites. Twenty-two were found so long after their destruc-
tion that an evaluation of primary causes was out of the question. Preda-
tion unquestionably accounted for some of these latter nests. In the case 
of 3, the eggs had remained untouched after having been deserted weeks 
before. In several instances, eggs disappeared without trace from nests 
which were visited regularly. In this connection, it was noted that a few 
eggs disappeared, during the course of incubation, from 8 nests which 
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hatched. Human pilfering was suspected in the removal of 2 clutches, 
but could not be proved. A few unexplained failures, undoubtedly, were 
nests of hens killed by predators, along highways, or by pot shooters. A 
possible source of further loss, but one which has not been explored dur-
ing this study, is that from parasites and diseases. Some of the unex-
plained nest failures may well have arisen through such causes. 
A summary of nest losses, showing the total number and percentage 
of all losses attributed to each cause of failure, is given in table 8. By the 
addition, at the foot of the table, of the nests which hatched and those for 
which the data are incomplete, the record of every nest found during this 
study is presented. 
SUMMARY 
Five hundred and three pheasant nests were found by direct search 
and through reports of local cooperators, both in undisturbed cover and 
after the removal of concealment by mowing and burning. 
Nests were found to be placed on the ground, generally in a slight 
nat~ral or scooped out depression but occasionally raised a few inches 
above the surface, and lined with whatever materials were at the spot. 
Construction of a roof did not appear to be a regular part of the nest build-
ing operations, but nests were often placed in such a manner as to take 
advantage of the partial or complete protection from above offered by 
nesting cover. On the other hand, nests completely exposed above were 
observed in 30.2 per cent of all cases. In the placing of nests, no particu-
lar direction appeared to be favored for exposure or nest openings, and 
no relation to the distance to trees or water was noted. Drainage of nests 
varied from excellent to poor', and averaged good. Variation from season 
to season was observed. 
In the case of nests in large blocks of relatively homogeneous cover, 
a preference for the edge zone, rather than a uniform scattering, seemed 
to be shown. It is suggested that this edge zone may be proportional to 
the depth of the block rather than consisting of a strip, the same for any 
area, of absolute depth. 
The average sizes of completed clutches were: 1933, 12.3 eggs, range 
8to17; 1934, 10.1 eggs, range 4 to 20; 1935, 12.4 eggs, range 8 to 26. Aver-
age for the three seasons: 11.2, range 4 to 26 eggs. A decline in the num-
ber of eggs per clutch with the advance of the nesting season was observed. 
Nests in which more than one pheasant had laid eggs, and single eggs, not 
in nests, which had been laid carelessly or at random were encountered. 
Fertility varied but little between the three seasons, and averaged 
93.1 per cent. Viability showed greater variation: 1.5 per cent of embryos 
died in the shell in 1933; 12.2 per cent in 1934; and 14.0 per cent in 1935. 
Of the 65 clutches for which the data are complete, 58.4 per cent were 
made up entirely of fertile eggs, but only 36.9 per cent hatched every egg. 
Most clutches contained one to several chicks which died in the shell. As 
the season of 1934 was unusually dry, and that of 1935 wetter than the 
average for this region, these losses may not represent the normal condi-
tion. More data from normal years are needed before coming to definite 
conclusions. 
Types and important constituents of nesting cover have been de-
scribed, and relative success of nesting attempts in each type recorded. 
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The percentage of successful attempts was observed to be low in all cover 
types for which the data are considered sufficiently extensive. 
The nesting season was found to extend from early April through 
early September, but the majority of clutches were begun in the period 
from late April through early June. While the nesting curve for 1935 has 
a single peak, occurring in the period from May 21 to 30, that of 1934 has 
two peaks, with a distinct drop between. In view of the lack of data from 
normal years, it can only be suggested that the 1934 trough was the re-
sult of the drought of that season. 
On the basis of 445 nests under regular observation, 76.9 per cent 
were unsuccessful. Causes of failure were apportioned thus: man, 52.3 
per cent of all failures; predators, 19.3 per cent; abandonment of unsatis-
factory sites, dump nests and infertile clutches, 3.5 per cent; flooding, 5.8 
per cent; nests totally lacking in cover, 0.9 per cent; unexplained, 18.1 
per cent. 
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EXPLANATION OF PLATES 
PLATE I 
Fig. A. Nest wholly concealed from above by overtopping marsh cover. The cover 
has been parted to expose the nest. 
Fig. B. Nest partially concealed from above. The cover has been slightly parted to 
expose the nest. 
Fig. C. Nest not at all concealed from above. The cover has not been disturbed. 
Fig. D. Incubating pheasant on nest slightly concealed from above. The cover has 
not been disturbed. 
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PLATE I 
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PLATE II 
Fig. A . N:?st in slough cover. The cover has been parted to expose the nest. 
Fig. B. N€d in roadside cover. The cover has been parted to expose the nest. 
Fig. C. Nzst in gra~s meadow cover. The cover has been parted to expose the nest. 
Fig. D. N: d in brush cover. The cover has been parted to expose the nest. 
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DETERMINATION OF ACETYLMETHYLCARBINOL IN 
FERMENTATION LIQUORS1 
G. L. STAHLY AND c. H. WERKMAN 
From the Bacteriology Section, Iowa Agricultural Experiment Station 
Accepted for publication October 3, 1935 
Dissimilation of carbohydrates and polyalcohols by many bacteria 
leads to the formation of acetylmethylcarbinol. Desmots (2) in 1904 de-
tected this carbinol in cultures of Bacillus subtilis. Harden and Walpole 
(5) isolated and described it from cultures of Aerobacter aerogenes. Later 
acetylmethylcarbinol was recognized as the cause of the Voges-Proskauer 
reaction. Lemoigne (10, 12) found it present in cultures of species of 
Proteus and of Bacillus anthracis; Neuberg and Reinfurth (16), Kluyver, 
Danker and Visser't Hooft (7), and Elion (3) found it in yeast cultures; 
Lemoigne (9), Lafon (8) and Horowitz-Wlassowa and Rodionowa (6) 
showed it to be present in cultures of Bacillus subtilis; van Niel, Kluyver 
and Derx (20) detected it in cultures of Streptococcus cremoris, and with 
Michaelian, Farmer and Hammer (14) have shown the importance of the 
presence of acetylmethylcarbinol in butter cultures to flavor and aroma. 
Visser't Hooft and de Leeuw (21) found the carbinol in many samples of 
bread. 
There has been no comprehensive report concerning the properties 
of this compound and its behavior during the course of the quantitative 
analysis of a typical fermentation liquor. Acetylmethylcarbinol used in 
this work was obtained from the Lucido! Corporation, Buffalo, N. Y. 
PURIFICATION AND PROPERTIES OF ACETYLMETHYLCARBINOL 
The advertised purity of the commercial acetylmethylcarbinol used 
was "90% or better." It was a liquid when received, but slowly changed 
to an amorphous solid when held for a week to ten days at 0° C. The odor 
of diacetyl was evident. The presence of this compound is probably due 
to the slow oxidation of the carbinol. 
An attempt was made to purify the commercial product by distil-
lation under vacuum but decomposition took place. It was then mixed 
with cold, anhydrous ether, thoroughly stirred and filtered by vacuum. 
A snow-white, odorless, crystalline product was obtained which had no 
definite melting point. When held at a temperature of 85° C., it melted 
after 10 to 11 minutes. A small quantity of this liquid was placed at 0° C. 
and after 2 days crystals reappeared. The compound probably exists as 
a polymer in the solid state and a monomer in the liquid form or in aqueous 
solution. 
The ether-washed acetylmethylcarbinol was tested for purity by 
iodine titration, using the Goodwin modification of Messenger's method 
( 4) . The reaction is represented by equation (1) . 
1 Journal paper No. J293 of the Iowa Agricultural Experiment Station, Ames, 
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(1) CH3.CO.CHOH.CH3 + 312 + 4 NaOH ~ CHia + 3Nal + 
NaC02 • CHOH. CHa+ 3 H20 
The carbinol solution was standardized by weighing the solid and making 
up to a definite volume. Based on calculations from successive titrations, 
one molecule of the carbinol required 6.07, 5.89, 5.97 and 6.04 atoms of 
iodine. Apparently, this product may be considered pure. 
QUALITATIVE TESTS 
Voges and Proskauer (22) described the production of an eosin-like 
coloration in glucose peptone cultures of certain organisms to which had 
been added a 10 per cent solution of potassium hydroxide. Harden found. 
the reaction due to the presence of acetylmethylcarbinol and stated that 
the latter is oxidized by the addition of KOH and the resulting diacetyl 
reacts with proteins to give a red coloration. Various modifications of the 
original method have been suggested in order to hasten the appearance of 
the color. Levine, Weldin and Johnson (13) employed various oxidizing 
agents; Werkman (23) suggested the addition of FeCl3• O'Meara (17) 
tested for acetylmethylcarbinol by adding a small amount of creatine to 
Sec. of the culture medium followed by 5 cc. of 40 per cent NaOH. After 
the addition of reagents, the tube is shaken vigorously. If the carbinol is 
present a red color appears in 1 to 2 minutes. 
An aqueous solution of ether-washed acetylmethylcarbinol was di-
luted serially in order to determine the sensitivity of the O'Meara test. 
A definite color was present with a dilution of one part of the carbinol in 
25,000 parts of water but not with one part in 50,000. Thus, the method 
has a great degree of sensitivity and the color develops quickly. 
QUANTITATIVE METHODS 
Lemoigne (11) described a specific reaction for the detection of acetyl-
methylcarbinol which consists in adding FeC13 solution to a portion of the 
culture and distilling the mixture. This process oxidizes the carbinol to 
diacetyl. The distillate is added to a mixture of ammonium hydroxide, 
hydroxylamine hydrochloride and nickelous chloride. The diacetyl is 
converted into dimethylglyoxime and the latter reacting with the nickel 
salt forms the red precipitate, nickel dimethylglyoxime. 
Van Niel (19) found that although the Lemoigne reaction was very 
sensitive, it gave neither quantitative nor constant results. Van Niel's 
modification consists of adding an excess of 50 per cent FeC13 solution to 
an aliquot portion of the culture, slowly distilling, and collecting the dis-
tillate in a mixture, which for each 100 milligrams of acetylmethylcarbinol 
contains about 2 cc. of 20 per cent hydroxylamine hydrochloride, 3 to 5 cc. 
of 20 per cent sodium acetate and 1 to 2 cc. of 10 per cent nickelous 
chloride solution. When approximately three-fifths of the original liquid 
is distilled over, the flask containing the distillate mixture is closed and 
immersed for one hour in a water bath at 80° C. The precipitate is fil-
tered, dried and weighed. The weight of acetylmethylcarbinol = 0.610 X 
weight of precipitate. The author reported good quantitative results. It 
should be noted that van Niel substituted sodium acetate for the ammon-
ium hydroxide which Lemoigne used. 
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In the determinations carried out in this laboratory, the van Niel 
modification of the Lemoigne method was followed. Twenty-five cc. of 
50 per cent (hydrated) FeC13 solution were added to 50 cc. of the culture 
and about three-fourths of the mixture was distilled directly into a flask 
containing hydroxylamine hydrochloride, sodium acetate and nickelous 
chloride in the amounts suggested by van Niel. The tightly stoppered 
Erlenmeyer flask containing the distillate mixture was heated on a steam 
bath for at least an hour. After cooling, the precipitate was filtered through 
a weighed sintered-glass crucible, washed with hot water, dried for an 
hour at 110° C. and weighed. 
In order to determine whether the van Niel method gives quantitative 
and constant results, various aliquot portions of a standard acetylmethyl-
carbinol solution were used with the procedure outlined (table 1). 
TABLE 1. Determination of acetylmethylcarbinol by the method of van Niel 
Solution Acetylmethyl- Acetylmethyl- Percentage 
Number used carbinol used carbinol found recovery 
c.c. gms. gms. 
1 10 0.0082 0.0069 84.2 
2 40 0.0328 0.0272 83.0 
3 50 0.0410 0.0347 84.7 
4 75 0.0615 0.0519 84.5 
5 100 0.0820 0.0692 84.5 
6 150 0.1230 0.1018 82.7 
7 200 0.1640 0.1357 82.7 
Average 83.8 
The values listed in table 1 indicate that the method of van Niel gives 
constant results and can be used conveniently, but that only approxi-
mately 84.0 per cent of the carbinol is thus determined. The method of 
calculation is represented in equation (2). 
Wt. ppt. X 0.61 (2) Weight of Acetylmethylcarbinol = ------
0.84 
Efforts were made to improve the yield by (1) changing the concen-
tration of FeC13 , (2) varying the fraction of the mixture distilled over, 
(3) using other oxidizing agents, (4) distilling under a partial vacuum, 
(5) distilling in an atmosphere of nitrogen, and various combinations of 
these methods. The yield was improved very slightly (85.5 and 86.2 per 
cent recovery) by distilling under a partial vacuum but conditions are 
more difficult to duplicate than when ordinary distillation is employed. 
Other attempts were unsuccessful. 
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THE RELATION OF ACETYLMETHYLCARBINAL TO THE DETERMINATION OF 
FERMENTATION PRODUCTS 
The determination of acetylmethylcarbinol as outlined above is run 
on the fermentation liquor without preliminary treatment. The test is 
specific and can be used in the presence of other compounds. Aliquot por-
tions of the liquor are used for the analysis of other fermentation products. 
Acetylmethylcarbinol is fairly volatile and a considerable fraction is 
distilled over with the neutral solvents. The method used in this labora-
tory for determining the neutral solvents is described by Stahly, Osburn 
and Werl~man (18). The alcohols are oxidized to acids by use of K 2Cr20 7 
+ H 3P04• One molecule of acetylmethylcarbinol is oxidized to two mole-
cules of acetic acid by this procedure. The carbinol may be determined 
by the van Niel method on the neutral solvent fraction and deduction 
made for it in the total acetic acid found. 
Fermentations which produce acetylmethylcarbinol generally also 
produce 2,3-butylene glycol. Brockmann and Werkman (1) published a 
method for the determination of the latter. In order to determine the 
effect of the acetylmethylcarbinol on this determination, a solution was 
made of a sample of the commercial product. The molarity of this solu-
tion was determined by the method of van Niel, making the correction 
outlined above. Thus, the molarity of the carbinol solution equals, 
wx 0.61 
0.84 x 8.8 ' 
in which Wis the weight of the nickel dimethylglyoxime precipitate ob-
tained from 100 ml. of the solution. 
Aliquots of the carbinol solution were treated in the manner pre-
scribed for the determination of 2,3-butylene glycol. The results given in 
column 3, table 2 indicate that any acetylmethylcarbinol in the fermenta-
tion liquor will react in the procedure for 2,3-butylene glycol and must 
therefore be determined separately and subtracted from the total given 
by the method of Brockmann and Werkman. 
Aliquot 
Number 
1 
2 
3 
4 
5 
TABLE 2. Determination of acetylmethylcarbinol 
Method of van Niel 
(adjusted) 
gms, 
0.0510 
0.0600 
0.0245 
0.0495 
0.0734 
2,3-butylene 
glycol method 
(Brockmann and Werkman) 
gms. 
0.0497 
0.0588 
0.0245 
0.0502 
0.0735 
The values listed for the 2,3-butylene glycol method were calculated 
from the acetaldehyde formed on the assumption that one molecule of 
acetylmethylcarbinol when subjected to periodate oxidation yields but 
one molecule of acetaldehyde. These values correspond well with the ad-
justed values obtained by the method of van Niel. If one molecule of the 
ACETYLMETHYLCARBINOL IN FERMENTATION LIQUORS 209 
carbinol when oxidized with potassium periodate yielded two molecules of 
acetaldehyde, the values by the 2,3-butylene glycol method would be only 
one-half as great and therefore entirely out of line. 
It is evident, therefore, that the molarity of 2,3-butylene glycol in a 
fermentation liquor is, 
in which 
X-Y 
F 
2 
-M 
X = ml. N NH20H . HCl present in absorption tower. 
Y =ml. N NH20H . HCl remaining unused in absorption tower. 
F = ml. original fermentation liquor in the steam distillate used. 
M = Molarity of acetylmethylcarbinol in the fermented liquor. 
Brockmann and Werkman, in describing the periodate method of de-
termining 2,3-butylene glycol, assumed that one molecule of the carbinol 
yielded 2 molecules of acetaldehyde. Their results were not adjusted to 
the purity of the carbinol which they used. 
ACETYLMETHYLCARBINOL IN REDUCING SUGAR ANALYSES 
Acetylmethylcarbinol reduces Fehling's solution precipitating cuprous 
oxide. When determinations of reducing sugar are made on fermentation 
liquors containing the carbinol, the latter must be determined separ.ately. 
The amount found to be present is used to calculate the weight of cuprous 
oxide which it precipitates. This weight is subtracted from the total 
cuprous oxide to get the oxide precipitated by the sugar. 
A solution of ether-washed commercial acetylmethylcarbinol was 
made by weighing out the crystals and making up the solution to a defi-
nite volume. Various aliquot portions of this solution were used with the 
Munson and Walker (15) method of sugar analysis. The solutions were 
heated at such a rate that boiling began in 4 minutes and was continued 
for 2 minutes. The cuprous oxide precipitate was filtered off, washed, 
dried and weighed. As indicated by the last column in table 3 the weight 
No. 
1 
2 
3 
4 
5 
6 
7 
TABLE 3. Reduction of Fehling's solution by acetylmethylcarbinol 
Grams Cu,O 
precipitated 
0.0245 
0.0520 
0.0603 
0.0725 
0.0850 
0.0979 
0.1066 
Grams A.M.C. 
in sample 
0.0081 
0.0163 
0.0203 
0.0244 
0.0284 
0.0325 
0.0366 
Grams Cu,O 
Grams A. M. C. 
3.03 
3.19 
2.97 
2.97 
2.99 
3.01 
2.92 
210 G. L. STAHLY AND C.H. WERKMAN 
of cuprous oxide is a linear function of the weight of acetylmethylcarbinol. 
The weight of acetylmethylcarbinol is multiplied by 3 to obtain the weight 
of Cu20 precipitated. 
SUMMARY AND CONCLUSIONS 
Commercial acetylmethylcarbinol can be purified by washing with 
anhydrous diethyl ether and filtering. 
The Lemoigne-van Niel method of determining acetylmethylcarbinol 
gives constant but not quantitative results. By this method, approxi-
mately 84 per cent of acetylmethylcarbinol is determined. 
One mole of acetylmethylcarbinol, when subjected to oxidation with 
K2Cr20 7 + H3P04, yields two moles of acetic acid. In the periodate oxi-
dation for 2,3-butylene glycol, one mole of the carbinol forms one mole of 
acetaldehyde. 
Acetylmethylcarbinol reduces Fehling's solution. In a reducing sugar 
determination, the Cu20 precipitated by the carbinol must be subtracted 
from the total Cu20 to obtain that due to the sugar. 
( 1) 
(2) 
( 3) 
(4) 
( 5) 
( 6) 
(7) 
( 8) 
( 9) 
(10) 
(11) 
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panosoma. laverani var. toxostomae n. 
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tration of gaseous, into body of cock-
roach, Periplaneta americana L., 249 
Pyruvic acid, dissimilation of, by Lacto-
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